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INSTITUTE OBJECTS, ORGANIZATION 


AND COMMITTEES 


The American Concrete Institute was organized in 1905 
(incorporated District of Columbia 1906) as the National 
Association of Cement Users. In 1913 its charter was amended 
with change of name. Through the mutual efforts of its mem- 
bership it maintains a continuous program in studying the 
properties of concrete and reinforced concrete and their con- 
stituent materials; considerations of concrete design, manipula- 
tion, application, service. Its aims are to increase the knowledge 
of concrete and to extend the use of that knowledge. 
The product of its work is in papers, committee reports and in dis- 
cussions of them—correlating the experience of many agencies, 
public and private. 


The Institute holds an annual convention as a forum for the 
presentation and discussion of outstanding developments in the 
theory and practice of its field, publishes the JOURNAL OF THE 
AMERICAN CONCRETE INSTITUTE monthly, except July and 
August. The JOURNAL is in three sections: News Letter, for the 
news of the society and informal contributions tending to stimu- 
late its technical program; Proceedings for technical papers, 
reports, discussions; Abstracts, consisting of digests of the current 
periodical literature of cement and concrete. 


Proceedings have been published each year beginning 1905; in 
1913, 1914, 1915 (Vols. 9, 10 and 11) these were issued periodi- 
cally in Journal form. A return to the annual volume was made 
in 1916 with Vol. 12.* Completing Volume 25 in June 1929, 
JOURNAL publication was again undertaken, No. 1 of Vol. 26 
being issued in November, 1929. 


The work of the organization is governed by the Board of 
Direction with 15 members (see By-Laws) and administered by 
the Secretary, appointed by the Board. 


The Board divides the labors of formulating details of the 
creative program among three major committees: Advisory, 


*See note next page. 
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COMMITTEES 7 


originating technical committee assignments; Program, develop- 
ing the annual convention; Publications, in general charge of the 
JOURNAL, which is edited by the Secretary. These committees 
report to the Board for approval of their undertakings. 


In all of this the Institute constitutes a clearing house for the 
information of and for its chosen field. It is dependent on many 
public and private agencies and the work of individuals whose 
studies produce the data for which the Institute offers channels 
of dissemination and a forum for critical consideration and dis- 
cussion. 


Board of Direction and Executive Committee 


The Board of Direction meets at the time of the annual convention; again 
in the spring (usually early May) and in the Fall (usually the first week of 
October). Between meetings its authority is vested in the executive com- 
mittee consisting of the President, Secretary and three other Board members, 
named by the Board: 


S. C. HOLLISTER 
D. A. ABRAMS 

A. E. Linpau 
ARTHUR R. Lorp 
HARVEY WHIPPLE 





*Vol. 11, 1915 is incomplete, numbers 9 to 12 of that year never having 
been issued. Several numbers of the Journal for 1913, 1914 and 1915 
are out or print as are also a few of the early volumes of Proceedings. 
Of the Journals, Nov. and Dec. 1913; Jan., Feb., Mar. 1914; and Jan., 
Feb., Mar., Apr., May, June, July and August 1915 are available and 
are for sale at 50 cents each. A limited supply of some of the an- 
nual volumes, to and including Vol. 22, so far as available are for sale 
to non-members at $8.00 each; Vol. 23, 24 and 25 at $10.00 each. The 
member price for available volumes to and including Vol. 25, 1929, is 
$5.00 each. 


The new JOURNAL is sent to all members (paid for by an allotted 
portion of the annual dues). Bound volumes 26, 27 and 28 consisting of 
Proceedings, Abstracts, and Indices are available to non-members at 
$12.50 each, to members at $6.00 each. 


Orders received from members or subscribers before October 
1, 1932 for Volume 29 (September 1932-June 1933) will be filled at a 
special price of $3.00—not more than two to each member. The 
Institute quotes this special price on orders received at the beginning of 
each JOURNAL year, because it then knows the actual number of orders 
to be filled and can provide enough extra copies of each month’s JOURNAL 
to make up the required number for binding. After October 1, the 
price will be $6.00 to members, because such orders must be filled 
from a limited reserve stock. 
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Advisory Committee 


The Advisory Committee has 13 members: a Chairman, a Secretary, the 
chairman of each of nine departments of the Committee organization; together 
with the chairmen of the Program and Publications Committees. Its respons- 
ibility is in recommendations to the Board of Direction as to technical com- 
mittee undertakings. 


ARTHUR R. Lorp 
Chairman 


F. R. McMILLAN 
Chairman Department 100, Research 
R. W. Crum 


Chairman Department 200, Materials 


A. W. STEPHENS 
Chairman Department 300, Engineering Design 
REXFORD NEWCOMB 
Chairman Department 400, Architectural Design 
Mies N. CLAIR 
Chairman Department 500, Specifications 
R. B. YouNG 
Chairman Department 600, Field Construction 
W. D. M. ALLAN 
Chairman Department 700, Shop Manufacture 
RAYMOND E. Davis 
Chairman Department 800, Use Requirements 
F. H. JACKSON 
Chairman Department 900, Joint Efforts 
P. H. Bates 
Chairman Program Committee 
J. C. PEARSON 
Chairman Publications Committee 


Program Committee 


The Program Committee’s work is to select from among papers and reports 
submitted to the Institute such contributions as will make, in the judgment of 
the committee, either a well rounded program or one which deliberately 
stresses definite subjects of interest, for the annual conventi:n. The accept- 
ance of contributions by the Publications Committee is entirely independent 
of the convention and in no way commits the Program Committee as to their 
use on the convention program. (Likewise, acceptance by the Publications 
Committee of papers for JOURNAL publication is independent of contributions 
accepted by the Program Committee for the convention.) It ig anticipated 
that the JouURNAL will publish papers, reports and discussion in excess of the 
requirements of conventions. The Program Committee’s selection of a con- 
tribution for the program in no way implies that it is of greater value than 
others not so selected. Some contributions are better read by members from 
the printed record; often highly technical contributions of great value are poorly 











COMMITTEES 9 





adapted to oral presentation and impromptu discussion. The Program 
Committee: 
P. H. BATEs A. E. Linpau 


¥ ng F. R. McMILLAN 
ARVEY HIPPLE ARTHUR R. Lorpb 


Secretar naar , : 
R Pesce E ’D y Chairman Advisory Committee 
AYMOND E. AVIS . 
_ ee — . C. PEARSON 
F. E, RICHART Chairman Publications Committee 


Publications Committee 


The Publications Committee has the responsibility of the technical publica- 
tions of the Institute and invites original papers furthering the objects of the 
society and discussions of published papers and reports. It passes upon the 
papers and the reports of committees submitted for publication. All con- 
tributions are received through the Secretary who is the editor of the JOURNAL 
and Secretary of the committee. The committee will make all reasonable 
effort to advise authors promptly as to availability of contributions for publica- 
tion—subject to consideration by appointed critics to whom manuscript copies 
are submitted for their advice to the Publications Committee. The Publica- 
tions Committee: 


J. C. PEARSON BENJAMIN WILK 


HW ‘ ae A. N. TALBotr 
RY PLE 
AS ree ARTHUR R. Lorp 


Secretar anal 4 “ r 
y Chairman Advisory Committee 


INGE LysE 
B LUS P. H. Bates 
Chairman Program Committee 


Abstracts 


The maintenance of the JouRNAL section of Abstracts (presenting digests 
of periodical literature of cement and concrete) is a part of the responsibility 
of the Publications Committee involving a special labor of considerable detail 
which has been reassigned as the special task of the Committee on Abstracts, 
each of whose members is responsible for a division of the field. More than 
120 technical publications are regularly scanned by a corps of abstractors. 
These contributions are edited by Dwight F. Jennings, with the advice and 
assistance of the committee: 


J. C. Witt REXFORD NEWCOMB 
Chairman (Materials) (Architectural Design) 
H. F. GONNERMAN THEODORE CRANE 
(Properties of Concrete) (Field Construction) 

F, E. RIcHART W. D. M. ALLAN 
(Engineering Design) (Shop Manufacture) 


Technical Committees 


The technical committee organization as of July 1, 1932, is as follows: 


DEPARTMENT 100—RESEARCH 
To comprise all committee work in which the principal interest is in the 
interpretation of test data or the initiation or direction of tests. 


Chairman—F, R. McMillan 
Co-Chairmen—H. J. Gilkey and F. E. Richart 
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Committee 102—Volume Changes in Concrete 
Author-Chairman—G. E. Troxell 
Raymond E. Davis, H. J. Gilkey, Charles C. More 


Committee 103—Effect of Curing Conditions 
Author-Chairman—A. A. Anderson 


Committee 104—Permeability of Concrete 
Author-Chairman—L. G. Lenhardt 


R. H. Schroeder 
M. O. Withey 


Ira L. Collier 
Charles H. Scholer 


Committee 105—Reinforced Concrete Column Investigation 
Chiarman—F. E. Richart 





P. H. Bates F. R. McMillan 
R. L. Bertin W. S. Thomson 
Inge Lyse W. F. Zabriskie 





Committee 106—Effect of Vibration on Properties of Concrete 
Author-Chairman—R. F. Leftwich 


Committee 107—Properties of Job-Cured Concrete at Early Ages 
Author-Chairman—Harlan H. Edwards 


T. E. Stanton 
M.A. Timlin 


R. W. Crum 
Davis 


Committee 108—Properties of Mass Concrete 


Chairman—Raymond E. Davis 
P. H. Bates S. E. Hutton 
R. W. Carlson H. L. Jacques 
J. P. Crowdon F. R. McMillan 
E. C. Eaton S. B. Morris 
F. W. Hanna W. A. Perkins 
W. C. Hanna J. L. Savage 
G. W. Hawley B. W. Steele 
D. C. Henny G. E. Troxell 
Louis C. Hill A. J. Wiley 
W. L. Huber C. P. Williams 


Hubert Woods 


Committee 109—Plastic Flow 
Author-Chairman—Raymond E. Davis 


Hardy Cross J. R. Shank 


Committee 110—Use of Admixtures in Concrete 
Author-Chairman— 
Vice-Chairman—Rex L. Brown 


Committee 111—Effect on Concrete of Repeated and Reversed Loads 
Author-Chairman—H. H. Scofield 


Committee 112—Resistance of Concrete to Impact 
Author-Chairman—W. M. Dunagan 


Committee 113—Bond Stress 
Chairman—F. E, Richart 
Secretary—J. R. Shank 
G. A. Maney 
Albert Smith 


H. J. Gilkey 
H. F. Gonnerman 
T. G. MacCarthy 


Committee 114—Relations of Cement Content, Strength, Water-Ratio 
and Durability 
Author-Chairman—L. W. Walter 


F. R. McMillan R. B. Young 
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DEPARTMENT 200—MATERIALS 
To comprise all committee work in which the principal interest is that of the 
production and distribution of materials used in concrete work. 
Chairman—R, W. Crum 
Co-Chairmen—E. O. Sweetser and R. W. Johnson 


Committee 201—Aggregate Specifications 
Chairman—H. F. Clemmer 


R. L. Bertin H. J. Love 

A. T. Goldbeck H. S. Mattimore 
Fred Hubbard N. C. Rockwood 
F. H. Jackson Stanton Walker 
Herbert F. Kriege L. E. Williams 


Committee 203—Cinders as Aggregate for Concrete 


Author-Chairman—Einar Christensen 
W. D. M. Allan Miles N. Clair 
R. D. Bradbury Emil Praeger 
George A. Strehan 


Committee 204—-Burned Clay or Shale Aggregates 


Author-Chairman—George E. McIntyre 


E. W. Dienhart R. F. Leftwich 

Iver Erickson A. B. Shenk 

V. P. Jensen W. P. Stanton 
Committee 205—Grading Aggregates for Handling on the Job 


Author-Chairman—I. E. Burks 
G. D. Durham Alexander Foster 


A. E. Stoddard 


Committee 206—Welded Wire Fabric as a Reinforcing Material 
Author-Chairman—R. D. Bradbury 


DEPARTMENT 300—ENGINEERING DESIGN 


To comprise all committee work in which the principal interest is that of 
the structural design or of the supervision of construction of such work. 
Chairman—A. W. Stephens 
Co-Chairmen—Hale Sutherland and H. N. Howe 


Committee 302—Design of Two-Way Slab on Beams 
Author-Chairman—E. H. Uhler 


F. E. Brown Arthur R. Lord 
S. G. Cutler Inge Lyse 
A. E. Lindau W. F. Zabriskie 


Committee 304—Fire Resistance Standards in Design 
Author-Chairman—Nolan D. Mitchell 
R. L. Bertin F. R. McMillan 
R, W. Johnson T. D. Mylrea 
Committee 305—Structural Loads and Reductions in Design 
Author-Chairman—R. L. Bertin 
Peter L. Hein H. N. Howe 
George Thompson 
Committee 307—-Deflections of Reinforced Concrete Members 
Author-Chairman—T. D. Mylrea 
P. J. Freeman Fred Kubitz 
A. H. Saurbrey 
Committee 308—Basis of Design for Hurricane Exposures 
Author-Chairman—Albert Smith 


D. C. Coyle G. A. Maney 
Hardy Cross L. E. Ritter 
W. J. Knight W. C. Spiker 
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Committee 309—Minimum Permissible Thickness of Slabs and Walls 
Author-Chairman—D. E. Parsons 
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DEPARTMENT 400—ARCHITECTURAL DESIGN 
To comprise all committee work in which the principal interest is that of the 
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Co-Chairman—O. F. Johnson 
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A. E. Horn 
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J. G. Ahlers John Mott 
Joseph W. Ayers Rexford Newcomb 
C. A. Cooke M. R. Rust 


Edward M. Waldo 


DEPARTMENT 500—SPECIFICATIONS 
To comprise all committee work in which the principal interest is that of 
the production of specifications for material, services or workmanship on behalf 


of the owner. 
Chairman—Miles N. Clair 


Co-Chairman—P. J. Freeman 


Committee 501—Standard Building Code 
Chairman—A. W, Stephens 
Secretary—R. R. Zipprodt 


R, L. Bertin A. E. Lindau 

H. P. Bigler Arthur R. Lord 

R. B. Bradbury F. R. McMillan 
Nolan D. Mitchell 


Frank E. Brown 
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Secretary—R. E. Copeland 


Nolan Browne C. J. Herzog 
Einar Christensen D. E. Parsons 
E. W. Dienhart George O. Payne 


Committee 702—Prevention of Crazing 
Author-Chairman—P. H. Bates 


F. O. Anderegg John J. Earley 
E. D. Boyer J. C. Pearson 


Committee 704—Cast Stone Standards 
Chairman—Louis A. Falco 
Secretary—C. G. Walker 


P. H. Bates J. W. Lowell 
George J. Eyrick Ernest Rackle 
Herman Fraunfelder C. Van de Bogart 


Committee 705—Weather Resistance of Concrete Masonry Units 
Author-Chairman—C. A. Wiepking 
W. D. M. Allan Einar Christensen 
Dan F. Servey 
Committee 706—Concrete Pipe 
Chairman—W. J. Schlick 


Committee 708—Recommended Practice for the Manufacture of 
Concrete Masonry Units 
Chairman—P. M. Woodworth 


E. W. Dienhart Eugene F. Olsen 
C. J. Herzog W. P. Stanton 
M. I. McCarty Stanton Walker 


Committee 709—Specifications for Concrete Burial Vaults 
Chairman—W. D. M. Allan 


C. A. Berg F. J. Mead 

H. F. Hanneman Harry Samson 
Carl Head J. A. Stuart 

H. A. Ledyard F.jH. Van Ness 


C. A. Wiepking 


DEPARTMENT 800—USE REQUIREMENTS 
To comprise all committee work in which the principal interest arises from 
the requirement of unusual or special qualities in concrete on account of its 
use in less common construction or where subject to extraordinary exposures. 


Chairman—Raymond E. Davis 
Co-Chairman—W. F, Way 
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Committee 801—Durability of Concrete 

Chairman—A. E. Lindau 

Secretary—F. R. McMillan 

P. J. Freeman E. Viens 

G. F. Loughlin L. W. Walter 
R. B. Young 


Committee 802—-Portland Cement Floor Finish 
Chairman—John G. Ahlers 
W. E. Hart Millard F. Bird 
DEPARTMENT 900—JOINT EFFORTS 
To comprise all committee work done by the Institute jointly with repre- 

sentatives from other societies and work in which the principal interest is 

clearly in two or more of the foregoing departments. 
Chairman—F. H. Jackson 


Co-Chairman—Cloyd M. Chapman 


Committee 902—Concrete Pavement Standards 
Chairman—F. C. Lang 
E. M. Flemming 


A. T. Goldbeck 
L. W. Teller John Wilson 
Herbert F. Faulkner R. L. Fox 


Committee 903—Joint Committee on Specifications for Concrete and 


Reinforced Concrete 


Chairman Institute Representation—S. C. Hollister 
J. G. Ahlers Ben Moreell 
F. H. Jackson N. M. Stineman 


Committee 904—A. C. I. Representation Sectional Committee on Plastering 
J. C. Fearson 


Committee 905—A. C. I. Representation Sectional Committee on 


Specifications for Portland Cement 
J. G. Ahlers E. D. Boyer 
W. Kk. Hatt 
Committee 906—A. C. 1. Representation Sectional Committee on 
Methods of Tests of Road Materials 
R. W. Crum 

Committee 907—A. C. I. Representation Highway Research Board 

D. A. Abrams 


Committee 908—A. C. 1. Representation, Committee on Masonry and 
Reinforced Concrete of the American Society of Civil Engineers 
A. E. Lindau 


Committee 909—A. C. I. Representation on Advisory Committee of 


Merchants Association of New York for New York Building Code 
John G. Ahlers 


Committee 910—A. C. I. Representation, Highway Research Board 
Committee on Correlation of Research in Mineral Aggregates 

R. L. Bertin S. C. Hollister 
Committee 911—A. C. |. Contact, Building Code Committee of U. S. 

Dept. of Commerce 

Arthur R. Lord 
Committee 912—-A. C. I. Representation, Sectional Committee on 
Sieves for Testing Purposes 

J. C. Pearson 


Announcements of committee changes, of the comple- 
tion of committees not now fully organized and of new 
committees will be made from time to time in the JoURNAL 

News Letier section 











By-Laws 


AMERICAN CONCRETE INSTITUTE 


ARTICLE I 
Members 


Section 1. Any person engaged in the construction or maintenance of work 
in which cement is used, or qualified by business relations or practical experi- 
ence to cooperate in the purpose of the Institute, or engaged in the manufac- 
ture or sale of machinery or supplies for cement users, or a man who has 
attained eminence in the field of engineering, architecture or applied science, 
is eligible for membership. 

Sec. 2. A firm or company shall be treated as a single member. 

Se¢. 3. Any member contributing annually twenty or more dollars in 
addition to the regular dues shall be designated and listed as a Contributing 
Member. 

Sec. 4. Application for membership shall be made to the Secretary on a 
form prescribed by the Board of Direction, The Secretary shall submit 
monthly or oftener, if necessary, to each member of the Board of Direction 
for letter ballot a list of all applicants for membership on hand at the time, 
with a statement of the qualifications, and a two-thirds majority of the mem- 
bers of the Board shall be necessary to an election. 

Applicants for membership shall be qualified upon notification of election 
by the Secretary and by the payment of the annual dues, and unless these dues 
are paid within 60 days thereafter, the election shall become void. An extract 
of the By-Laws relating to dues shall accompany the notice of election. 

Sec. 5. Resignations from membership must be presented in writing to 
the Secretary on or before the close of the fiscal year and shall be acceptable 
provided the dues are paid for that year. 

Sec. 6. The Board of Direction may confer honorary memberships in 
recognition of services of an extraordinarily meritorious character before the 
Institute. Honorary members shall be entitled to full membership privileges 
without the payment of dues. 


ARTICLE II 
Officers 


Section 1. The officers shall be the President, two Vice-Presidents, six Direc- 
tors (one from each geographical district), the Secretary and the Treasurer, 
who, with the five latest living Past-Presidents, who continue to be members, 
shall constitute the Board of Direction. 

Sec. 2. The Board of Direction shall, from time to time, divide the terri- 
tory occupied by the membership into six geographical districts, to be desig- 
nated by numbers. 

Sec. 3. There shall be a Committee of five members on Nomination of 
Officers elected by letter ballot of the members of the Institute, which is to 
be canvassed by the Board of Direction at least six months prior to the Annual 
Convention. The President, Vice-President, Secretary, Treasurer and the 
Directors from the six geographical districts shall be ineligible for membership 
onfthisJcommittee. 

The Committee on Nomination of Officers shall select by letter ballot of its 
members, candidates for the various offices to become vacant at the next 
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Annual Convention and report the result to the Board of Direction who shall 
transmit the same to the members of the Institute at least 120 days prior to 
the Annual Convention. Upon petition signed by at least ten members, 
additional nominations may be made within 60 days thereafter. The con- 
sent of all candidates must be obtained before nomination. The complete 
list of candidates thus nominated shall be submitted 60 days before the 
Annual Convention to the members of the Institute for letter-ballot, to be 
canvassed at 12 o’clock noon on the second day of the Convention and the 
result shall be announced the next day at a business session. 


Sec. 4. The terms of office of the President, Secretary and Treasurer shall 
be one year; of the Vice-Presidents and the Directors, two years. Provided, 
however, that at the first election after the adoption of this By-Law, a Presi- 
dent, one Vice-President, three Directors and a Treasurer shall be elected to 
serve for one year only, and one Vice-President and three Directors for two 
years; provided, also, that after the first election a President, one Vice- 
President, three Directors and a Treasurer shall be elected annually. 


The term of each officer shall begin at the close of the Annual Convention 
at which such officer is elected, and shall continue for the period above named 
or until a successor is duly elected. 


A vacancy in the office of President shall be filled by the senior Vice-Presi- 
dent. A vacancy in the office of Vice-President shall be filled by the senior 
Director. 


Seniority between persons holding similar offices shall be determined by 
priority of election to the office, and when these dates are the same, by prior- 
ity of admission to membership; and when the latter dates are identical, the 
selection shall be made by lot. In case of the disability of or neglect in the 
performance of his duty of any officer of the Institute, the Board of Direction 
shall have power to declare the office vacant. Vacancies in any office for 
the unexpired term shall be filled by the Board of Direction, except as pro- 
vided above. 


Sec. 5. The Board of Direction shall have general supervision of the 
affairs of the Institute and at the first meeting following its election, appoint 
a Secretary and from its own members a Finance Committee of three; it 
shall create such special committees as may be deemed desirable for the 
purpose of preparing recommended practice and standards concerning the 
proper use of cement for consideration by the Institute, and shall appoint 
a chairman for each committee. Four or more additional members on each 
special committee shall be appointed by the President, in consultation with 
the Chairman. 


Sec. 6. It shall be the duty of the Finance Committee to prepare the 
annual budget and to pass on proposed expenditures before their submission 
to the Board of Direction. The accounts of the Secretary and Treasurer shall 
be audited annually. 


Sec. 7. The Board of Direction shall appoint a Committee on Resolutions 
to be announced by the President on the first regular session of the annual 
convention. 


Sec. 8. There shall be an Executive Committee of the Board of Direction, 
consisting of the President, the Secretary, the Treasurer and two of its mem- 
bers, appointed by the Board of Direction. 


Sec. 9. The Executive Committee shall manage the affairs of the Institute 
during the interim between the meetings of the Board of Direction. 


c. 10. The President shall perform the usual duties of the office. He 
shall preside at the Annual Convention, at the meetings of the Board of 
Direction and the Executive Committee, and shall be ex-officio member of 
all committees. 
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The Vice-Presidents in order of seniority shall discharge the duties of the 
President in his absence. 


Sec. 11. The Secretary shall be the general business agent of the Institute, 
shall perform such duties and furnish such bond as may be determined by the 
Board of Direction. 


Sec. 12. The Treasurer shall be the custodian of the funds of the: Institute, 
shall disburse the same in the manner prescribed and shall furnish bond in 
such sum as the Board of Direction may determine. 


Sec. 13. The Secretary shall receive such salary as may be fixed by the 
Board of Direction. 


ARTICLE III 
Meetings 


Section 1. The Institute shall meet annually. The time and place shall 
be fixed by the Board of Direction and notice of this action shall be mailed 
to all members at least thirty days previous to the date of Convention. 


Sec. 2. The Board of Direction shall meet during the Convention at which 
it is elected, effect organization and transact such business as may be necessary. 


Sec. 3. The Board of Direction shall meet at least twice each year. The 
time and place to be fixed by the Executive Committee. 


Sec. 4. A majority of the members shall constitute a quorum for meetings 
of the Board of Direction and of the Executive Committee. 


ARTICLE IV 
Dues 


Section 1. The fiscal year shall commence July ist. 


Sec. 2. The annual dues shall be twelve dollars and fifty cents ($12.50) 
payable annually in advance from the first of the month following notification 
of the applicant of his election by the Board of Direction. 


Sec. 3. Each member shall be entitled to receive one copy of one volume 
of the Proceedings for each membership year and additional volumes at a 
price fixed by the Board of Direction. 


Sec. 4. A member whose dues remain unpaid for a period of three months 
shall forfeit the privilege of membership and shall be officially notified to this 
effect by the Secretary, and if these dues are not paid within thirty days 
thereafter his name shall be stricken from the list of members. Members may 
be reinstated upon payment of all indebtedness against them upon the books 
of the Institute. 


ARTICLE V 
Standards 


Section 1. Proposed new or revised Standard Specifications, Standard 
Practice, and Standard Definitions when approved by a majority voting in 
the committee in which they originate, shall be submitted, in the form adopted 
in the Standard Form of Standards, to the Secretary of the Institute 60 days 
prior to the opening of the annual convention at which they are to be presented. 
The Secretary of the Institute shall cause these proposed new standards or 
revised standards to be printed as Proposed Tentative Standards and mailed 
to the full membership of the Institute thirty days prior to the opening of the 
convention. As there amended and approved, they shall be published in 
the Annual Proceedings, next issued as Tentative Standards. At a subse- 
quent annual convention, they may again be offered unamended, by their 
originating committees as proposed standards, and as there approved by a 
majority of those voting, they shall be submitted to letter ballot of the Insti- 
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tute membership, to be canvassed within ninety days thereafter. Such 
proposed standards shall be considered adopted unless at least 10 per cent of 
those voting shall vote in the negative. 


ARTICLE VI 
Amendments 


Section 1. Amendments to these By-Laws, signed by at least fifteen mem- 
bers, must be presented in writing to the Board of Direction ninety days 
before the Annual Convention and shall be printed in the notice of the Annual 
Convention. These amendments may be discussed and amended at the 
Annual Convention and passed to letter ballot by a two-thirds vote of those 
present. Two-thirds of the votes cast by letter ballot shall be necessary for 
their adoption. 


A. C. I. STANDARDS 


Titles of current Standards, and of Tentative Specifications and Proposed 
Specifications and Recommended Practice of the Institute and their serial 
designations are here listed with reference to their publication in the Proceed- 
ings of the American Concrete Institute. 


Curb and Gutter 


Tentative Specifications for Concrete Curb and Concrete Curb and Gutter, 
S 6-E-27T. Vol. 23, p. 684. 


Masonry Units 


Standard Specifications for Concrete Building Block and Concrete Building 
Tile, P 1-A-29. Vol. 23, p. 696—revised—see tentative amendment, Vol. 
24, p. 834. Adopted as standard by letter ballot. Note: Vol. 25, p. 605. 
This standard as amended and adopted appears as an Appendix to report 
of Committee 708, Vol. 27, p. 1017 (April 1931 JoURNAL). 


Standard Specifications for Concrete Sewer Manhole and Catch Basin Block, 
P 1-C-29. Vol. 23, p. 694. Adopted as standard by letter ballot. Note: 
Vol. 25, p. 605. 


Standard Specifications and Building Regulations for Concrete Staves, P 4- 
A-26. Vol. 22, p. 666. 


Tentative Specifications for Concrete Brick, P 1-B-26T. Vol. 21, p. 604— 
revised—see tentative amendment, Vol. 22, p. 667—and Note: Vol. 23, p. 
690. 


Tentative Recommended Practice for the Manufacture of Concrete Building 
Block, Building Tile and Brick, P 6-A-25T. Vol. 21, p. 473. 


Proposed Recommended Practice for the Manufacture of Concrete Building 
Block and Tile (progress report of Committee 708 presented for discussion 
with a view to superseding Tentative Recommended Practice for the 
Manufacture of Concrete Building Block, Concrete Building Tile and 
Brick, P 6-A-25T—see above).- Vol. 27, p. 1001 (April 1931 JouRNAL), 
Discussion Vol. 28, p. 155 (Oct. 1931 JouRNAI 


Tentative Specifications for Case Stone, P 3-A-29T. Vol. 


amendment recommended by Committee 704, Vol. 28, p. 
JOURNAI 


25, 1929. See 
33 (Sept. 1931 


Proposed Recommended Practices in the Use of Cast Stone (Report of Com- 
mittee 704, presented for discussion). Vol. 26, p. 760 (May 1930 JourNAL). 
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Pipe and Drain Tile 


Standard Specifications for Concrete Drain Tile, P 7-B-25. (As tentatively 
published Vol. 20, p. 678.) 


Tentative Specifications for Reinforced Concrete Sewer Pipe, P 7-C-25T. 
Vol. 21, p. 584. 


— Specifications for Plain Concrete Sewer Pipe, P 7-A-24T. Vol. 20 
p. 669. 


Tentative Specifications for Reinforced Concrete Culvert Pipe. Vol. 25, 1929, 
p. 608. (Second report. Adopted by the Joint Concrete Culvert Pipe 
Committee representing American Concrete Institute (Com. 901); American 
Association of State Highway Officials; American Concrete Pipe Associ- 
ation; American Railway Engineering Association; American Society for 
Testing Materials; American Society of Civil Engineers; U. S. Depart- 
ment of Agriculture.) 


Reinforced Concrete 


be e-ig * ee Regulations for Reinforced Concrete, E 1-A-28T. Vol. 
» Pp. /71. 


Standard Specifications for Concrete and Reinforced Concrete. Vol. 21, p. 
329. (Adopted by the Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete representing American Concrete Insti- 
tute (Com. 903); American Society of Civil Engineers; American Society 
for Testing Materials; American Railway Engineering Association; Port- 
land Cement Association.) 


Tentative Construction Specification for Concrete work on Ordinary Buildings, 
502-31T. Vol. 26, p. 1 (November 1929 JoUuRNAL); discussion Vol. 26, p. 
580 (March 1930 JouRNAL); Vol. 27, p. 99 (September 1930 JouRNAL); 
amended and adopted as tentative specification Vol. 27, p. 1181 (May 1931 
JOURNAL). 


Tentative Construction Specification for Concrete Work on the Small Job, 
506-31T. Vol. 27, p. 65 (September 1930 JoURNAL); discussion, Vol. 27, p. 
525 (January 1931 JoURNAL); amended and adopted as tentative specifica- 
tion, Vol. 27, p. 1184 (May 1931 JoURNAL). 


Specification for Supplying, Fabricating and Setting Reinforcing Steel on 
Ordinary Buildings, 503-32, with an appendix: ‘‘A Steel Setters’ Primer.”’ 
Vol. 26, p. 444 (February 1930 JoURNAL); discussion Vol. 26, p. 910 (June 
1930 JoURNAL); adopted as tentative specification Vol. 27, p. 1186 (May 
1931 JoURNAL). (Referred to letter ballot for adoption as standard April 
1932—adopted.) 


Roads 


Standard Specifications for One-Course Concrete Pavement for Highways, 
S 6-A-28. (Vol. 20, p. 695—adopted as standard, with revisions, Vol. 24, 
1928, p. 852.) 


Standard Specifications for Two-Course Portland Cement Concrete Pavement 
for Highways, S 6-B-28. (As tentatively published Vol. 20, p. 710—adopt- 
ed as standard, with revisions, Vol. 24, 1928, p. 852.) 


Standard Specifications for One-Course Portland Cement Concrete Street 
Pavement, S 6-C-28. (As tentatively published Vol. 20, p. 716—adopted as 
standard, with revisions, Vol. 24, 1928, p. 852.) 


Standard Specifications for Two-Course Portland Cement Concrete Street 
Pavement, S 6-D-28. (As tentatively published Vol. 20, p. 724—adopted as 
standard, with revisions, Vol. 24, 1928, p. 852.) 
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Proposed Specifications for Concrete Pavement in Municipalities, with an 
appendix. Report of Committee 902, Vol. 28, p. 453 (March 1932 JOURNAL). 


Sidewalks and Floors 


Standard Specifications for Portland Cement Concrete Sidewalks, C 2-B-25. 
Vol. 21, p. 591. 


Standard Specifications for Concrete Floors, C 2-A-24. Vol. 20, p. 739. 


Proposed Recommended Practice for Heavy Duty (concrete) Floor Finish 
with Notes on Light Duty Floor Finish 
and 


Proposed Recommended Practice for Dusted-on (concrete) Floor Finish 
(embodied in report of Committee 802 presented for discussion) Vol. 26, p. 


520 (March 1930 JoURNAL) and discussion Vol. 27, p. 115 (September 1930 
JOURNAL). 


Surfaces 


Standard Recommended Practice for Portland Cement Stucco. C 3-A-23. 
Vol. 19, p. 471. 


Tentative Recommended Practice for Treatment of Exterior Surfaces of 
Industrial Reinforced Concrete Buildings, C 3-B-25T. Vol. 21, p. 564. 

Tentative Specifications, Finish Coat, Portland Cement Stucco, C 3-C-29T. 
Vol. 25, 1929. 

Proposed Recommended Practice for the Use of Pigment Admixtures in 
Troweled Concrete Surfaces—progress report of Committee 408, presented 


for discussion, Vol. 27, p. 975 (April 1931 JoURNAL). Discussion Vol. 28, 
p. 151 (Oct. 1932 JOURNAL). 


Miscellaneous 


Standard Methods for the Measurement of Concrete Work, C 5-A-26. Vol. 
22, p. 655. 


Tentative Purchase Specifications for Concrete Aggregates, E 5-A-29T. Vol. 
25, 1929. 

Standard Specifications for Monolithic Concrete Sewers and Recommended 
Rules for Sewer Design, S 3-A-24. Vol. 20, p. 757. 

Standard Definitions, G 4-A-23. Vol. 19, p. 319. 


Tentative Specification for Ready-Mixed Concrete, 504-31T. Vol. 27, p. 
1177 (May 1931 JOURNAL). 


Tentative Specification for Concrete Burial Vaults, 709-32T, Vol. 28, p. 633 
(May 1932, JoURNAL). 


The Institute has done other work in standardization involving specifica- 
tions and recommended practice now regarded as obsolete or not brought to 


date, or progress reports which are incomplete and for these reasons not here 
listed. 











MEDALS AND AWARDS 
The Wason Medals 


Founded by Leonard C. Wason, Boston, past-president, American Concrete 
Institute. 


Awarps, 1917-1932 


For the most meritorious paper presented at each annual convention. 
1916 Paper—A. B. McDANIEL, “Influence of Temperature on the Strength of 


Concrete.” 


1917 Paper—Cuar.zs R. Gow, “‘History and Present Status of the Concrete 


Pile Industry.” 


1918 Paper—Durr A. Abrams, “Effect of Time of Mixing on the Strength 


and Wear of Concrete.” 


1919 Paper—W. A. SvATER, ‘Structural Laboratory Investigations in Rein- 


forced Concrete Made by Concrete Ship Section, Emergency Fleet 
Corporation.” 


1920 Paper—W. A. Hutt, “Fire Tests of Concrete Columns.” 
1921 Paper—H. M. WESTERGAARD, ‘‘Moments and Stresses in Slabs."’ 
1922 Paper—GeEorGE E. BecGs, ‘‘An Accurate Mechanical Solution of Static- 


ally Indeterminate Structures by Use of Paper Models and Special 
Gauges.” 


1923 Paper—Joun J. EARLEY, ‘‘Building the Fountain of Time." 
1924 Two Papers—RicHarp L. Humpurey, ‘Twenty Years of Concrete" 


and ‘“‘The Promise of Future Development."”’ 


1925 Paper—E. A. Dockstaper, ‘‘Report of Tests Made to Determine Tem- 


peratures in Reinforced-Concrete Chimney Shells.”’ 


1926 Paper—A. BurTON COHEN, ‘Correlated Considerations in the Design 


and Construction of Concrete Bridges.” 


1927 Paper—Artuur R. Lorp, ‘Notes on Concrete—Wacker Drive, Chi- 


cago.” 


1928 Paper—FRANKLIN R. McMILLAN, “Concrete Primer.” 
1929 Paper—L. G. LENHARDT, ‘‘The Concrete Lining of Detroit Water 


Tunnels.” 


1930 Paper—I. E. Burks, “Concreting Methods at the Chute a Caron Dam.” 


1931 


&. C. 


Paper—Raymond E. Davis and Harmer FE. Davis, ‘‘Flow of Concrete 
under the Action of Sustained Loads."’ 


AWARDS FOR RESEARCH, 1929, 1930 AND 1932 


Ho.uister, for advancing the art of bridge construction in the design, 
construction and test of a concrete skew arch as reported in his 1928 
paper: ‘‘The Design and Construction of a Skew Arch."”’ 


H. F. GONNERMAN and P. M. Woopwortu for the work reported in their 1929 


paper: ‘Tests of Retempered Concrete.” 


M. O. WiTHEY, for the work reported in his 1931 Institute paper, ‘‘Long Time 


” 


Tests of Concrete. 
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The Turner Medal 
Founded 1927 by Henry C. Turner, New York, past-president, American 
Concrete Institute, a gold medal will be awarded not oftener than once a year 
“for notable achievement in or service to the concrete industry.”’ 


AWARDs, 1928, '29, ’'30 AND '32 

Awarded, 1928, to ARTHUR N. TALBsot, for “outstanding contributions to 
the knowledge of reinforced concrete design and construction.”’ 

Awarded, 1929, to WiLL1AM K. Hatt, for “pioneer work in reinforced con- 
crete research; for a quarter century of devoted, outstanding and continuous 
service in developing the knowledge of concrete.”’ 

Awarded, 1930, to F. E, TURNEAURE, for ‘‘distinguished service in formu- 
lating sound principles of reinforced concrete design.” 

Awarded 1932 to Durr A. ABRAMs, for ‘‘The discovery and statement of 


important fundamental principles governing the properties of concrete and 
reinforced concrete.”’ 











THE Errect oF Acip WATERS ON CONCRETE 
BY BAILEY TREMPER* 


SUMMARY 


Iv HAs been shown that the setting and hardening of portland cement 
does not result in compounds of lime that are absolutely insoluble in 
water. The solubility of lime increases with the acidity of the water. 
This fact raises the question as to whether concrete exposed to water 
is able permanently to resist the loss of lime through leaching. 

Other investigators have studied the solubility of lime using pul- 
verized hydrated cement or finely ground concrete. This paper 
describes tests of intact concrete specimens exposed in a flow of 
artificially acidified water, the pH value of which was comparable to 
that of natural waters. A few specimens were exposed in a small creek 
which was naturally slightly acid. 

The water was made to flow past the surface of the concrete but was 
not forced through it. The results, however, probably apply in a 
general way to concrete through which water is percolating. 

Results of tests of about 3000 specimens are presented. These 
range from 14% x 14%x 4-in. prisms to 8 x 16-in. cylinders. Data have 
been obtained on the loss of lime and the relative loss in strength re- 
sulting from acid exposure. 

Factors studied cover (1) variations in severity of exposure, (2) 
variables arising from materials used and conditions of manufacture 
of the concrete, and (3) the theory of corrosion. An effort has been 
made to evaluate the effect of a number of subdivisions of each of the 
above headings. The data obtained are used to estimate the probable 
life of concrete structures under various conditions of acid exposure. 

The principal conclusions are: 

1. Slight acidity exists in some of the surface waters of Western Washington. 


2. For the range in acidity expressed by pH values between 6.0 and 7.0 the degree 


of attack is inversely proportional to the pH number. If the pH of the water is 
above 7.0 the attack in general is too mild to be of practical consequence. 

3. The volume of water and its velocity must be very low before a decrease in 
the rate of attack is observed. ° 


“*Engineer of Tests, State of Washington, Department of Highways. 
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4. Waters of high velocity, particularly if they carry suspended matter, may 
accelerate the rate of attack. 

5. Exposure to a naturally acid creek gave results comparable to those obtained 
with artificially acidified water in the laboratory. 

6. Among four brands of portland cement studied none was distinctly superior 
in resistance. Concrete made of some special cements was attacked to a less degree 
than that made of portland cement. 


7. The character of the aggregate probably has little effect on resistance. If 
there is a difference between aggregates it cannot be connected with results of usual 
inspection or tests. 

8. Allowing the concrete to become dry before exposure or curing for 48 hours in 
water vapor at any temperature between 70 and 212° F. has no effect on resistance. 

9. While admixtures were found that increased the resistance of concrete some- 
what, none afforded complete protection. 

10. Surface coatings in general reduced the rate of attack for two years. The 
permanence of such protection depends on the durability of the coating or the fre- 
quency of its renewal. 

11. Concrete of high quality is markedly more resistant than poor concrete. 

12. The strength of concrete at any stage of attack is dependent on the ratio of 
the mixing water to the amount of lime remaining in the concrete. The relationship 
may be expressed by a curve similar to the water-cement ratio curve. 

13. Loss of lime causes a decrease in the strength of concrete. When about 50 
per cent of the original lime has been removed from average concrete, complete loss 
of strength and coherence results. 

14. The logarithm of the quantity of lime removed varies directly with the logarithm 
of the period of exposure. 

15. Aside from a severe attack of about } in. at the surface, loss in lime with 
accompanying loss in strength is uniform throughout the body of the concrete for a 
depth of at least 15 in. from the surface. 


16. The rate of attack is greatly affected by the ratio between exposed surface 
and the volume of the concrete. 


17. Due to a high surface-volume ratio small members such as 3- or 4- in. drain 
tile may have a very short life in acid soils. 


18. Standard culvert pipe, 12 in. or more in diameter, or other structures having 
an equal or smaller surface-volume ratio, if made of reasonably good concrete may 
be expected to have a life running into the centuries under all probable conditions 
of natural acidity in water. 


INTRODUCTION 


The fact that compounds of lime formed during the setting and 
hardening of portland cement are not absolutely insoluble in water is a 
matter of vital concern to all users of concrete. The possibility exists 
that lime may be leached from-concrete if it is exposed to water. If 
the leaching action continues long enough it is to be expected that 
serious weakening of the concrete will result. 


Numerous investigators have noted the attack on building founda- 
tions, drain tile, and other hydraulic structures which have been ex- 
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posed to the action of ground waters of acid reaction.' Baylis? in- 
vestigated the solvent action of water of varying degrees of purity and 
acidity on materials such as calcium carbonate, hydrated portland 
cement, and hardened concrete, all in a finely ground condition. He 
found that the solubility of caleitum carbonate became progressively 
greater as the acidity of the water was increased. His studies of con- 
crete structures confirmed the belief that the lime in those portions 
directly exposed to the dissolving action of water was in the form of 
calcium carbonate. He found lime some distance in from the surface 
to be either in the form of calcium hydroxide or in such a form that 
most of it was readily available for solution as calcium hydroxide. 

From his studies he evolved the following theory of action. If 
calcium carbonate is removed from the surface through the dissolving 
action of water, calcium hydroxide from the interior diffuses to the 
surface and is precipitated as calcium carbonate through the action of 
earbon dioxide, carbonates or bicarbonates dissolved in the water. 
When calcium hydroxide is thus precipitated the water held in the 
pores of the concrete becomes unsaturated and more calcium hydroxide 
is taken into solution. There is thus a continuous travel of calcium 
hydroxide from the interior to the surface, resulting in a general loss of 
lime throughout the body of the concrete. 

Baylis concludes that the problem of resistance to attack by water 
is, in effect, that of the ‘“‘solubility of calcium carbonate plus the pro- 
tective action of certain gelatinous compounds.”’ He believes that the 
dissolving action is prevented or greatly retarded in denser concrete. 

He designates waters having pronounced power of dissolving calcium 
carbonate as “corrosive.’’ This expression will be used with the same 
meaning in this paper. 

In studying these reports the writer reached the conclusion that the 
investigations, although establishing important principles, were in- 
complete in that the cement or concrete was pulverized before de- 
terminations of the rate or degree of solution were made. If a full 
understanding of the laws governing the reactions were to be reached 
it appeared necessary to conduct experiments on concrete specimens, 
the characteristic structure of which was not destroyed by mechanical 
means beforehand. Such a study also seemed necessary in order 
properly to evaluate the effect of conditions of exposure or the effect 
that manufacturing methods and materials used have on resistance. 

In order to form an estimate of the prevalence of naturally occurring 
corrosive water a limited survey was made of the waters in the Puget 

G. M. Williams, ‘Disintegration of Concrete,” Report of Committee 803, Journar, A. C. L., 


Sept. 1929; Proceedings, Vol. 26, p. 41 
2J. R. Baylis, “Corrosion of Concrete’, Proceedings, A. S.C. E., Vol. LIL, p. 549, April, 1926 
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Sound section of Washington. The survey consisted largely in visiting 
small streams and rivers that were flowing through the drainage 
systems of several highways. Samples were tested colorimetrically in 
the field for acidity as expressed by their pH value.* In some cases 
samples were taken to the laboratory and comparisons were made of 
the initial rate of solution of calcium carbonate in these waters and in 
artificially acidified waters. The results are shown in Table 1. These 
tests indicated that the initial rate of solution was roughly proportional 
to the pH value of the water. 

Out of about fifty streams of flowing water sampled during the 
progress of the survey, seven were found that would be classed as acid, 
that is, having a pH value less than 7.0; nineteen were in the range 
7.0 to 7.3 and the balance had values of 7.4 or greater. The seven acid 
streams were small creeks apparently all fed in whole or in part by 


*The symbol pH is used to express the hydrogen-ion concentration of aqueous solutions. It thus 
furnishes a common measure of the strength of all acids. It is an inverse logs arithmic scale. pH 7.0 
denotes neutrality and is the value of absolutely pure water. Numbers larger than 7.0 denote alkalinity 
and smaller numbers, acidity. The hydrogen-ion concentration at pH 6.0 and pH 5.0 is respectively 
10 and 100 times that at pH 7.0. Therefore the lower the pH number the stronger is the acid. Fora 
complete discussion see W. M. Clark—'‘‘The Determination of Hydrogen-ions,”’ Williams and Wilkins 
Co., Baltimore, 1925. 


TABLE 1—INITIAL RATE OF SOLUTION OF CALCIUM CARBONATE BY VARIOUS WATERS 

Values in last column show increase in alkalinity, expressed as parts per million 
of calcium carbonate, resulting from shaking an excess of powdered iceland spar 
with 200 ce of the water for one minute, then filtering. Total time water was in 


contact with iceland spar was between 12 and 15 minutes in each case. Alkalinity 
determined by acid titration using methv! orange indicator. 


Alkalinity in Parts per Million 

















Source of Water pH CaCO; After 
CaCO, Shaking with CaCO; 
As Received Iceland Spar Dissolved 
Olymp mpia ia City Water 7.3 55 63 8 
Natural Creek Bef 20 30 10 
ee ——— — deans 
Natural Creek rh ae 18 36 18 
Natural Creek 6.2 30 64 34 
dicdatennndl 4 re ae ieoie : . cepa . - 
Olympia City Water 
acidified with carbon! | 
dioxide ee ee 55 89 34 
— So oes mae . ae e é . o - . = anes = — ‘ 
Freshly distilled water! 
acidyfied with — 
dioxide | —5.2* 2 72 70 
Olympia City Water| 
acidified with carbon 
dioxide | —5.2* 55 140 85 


} 





*pH value lower than means available for measuring. 
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drainage from low lands rather rich in decaying vegetation. None of 
the streams large enough to require a bridge in crossing was acid. The 
lowest pH value found in running water was 6.5. A number of stag- 
nant waters were found whose pH values were below 6.0. In fact low 
pH values predominated in small ponds and puddles particularly if 
vegetable growth was in evidence. It would appear that running 
waters having pH values of the order of 6 probably exist. 

In view of the fact that freshly distilled water after reaching equili- 
brium with the air generally has a pH value of about 5.7, it had been 
expected that low values would be found at locations where freshly 
dissolved carbon dioxide was doubtless present due to vigorous aeration 
of the water. No such cases were found however. In one instance, 
water was tested at the foot of a high falls in a mountain stream and 
the pH value was found to be 7.4. It is concluded that natural waters, 
probably as a rule, are protected from acquiring acidity due to carbon 
dioxide from the atmosphere. It is known that carbonates and bicar- 
bonates confer buffer action.* Our tests would indicate that the small 
quantities usually present in natural waters are sufficient to impart 
this action. It is concluded that decaying vegetation is the most 
frequent source of acidity in natural waters. Decomposition of certain 
minerals may be a source of acidity in some localities. 

PURPOSE AND SCOPE OF TESTS 

Because it was found that naturally acid waters do exist where they 
might endanger the drainage systems of its highways the Washington 
State Department of Highways began an investigation that has con- 
tinued for the last four years. This investigation has been conducted 
largely in the laboratory although a few concrete specimens are exposed 
in a natural creek. In the laboratory, artificially acidified water, 
having pH values strictly comparable to those of natural waters was 
used. In all exposure tests water was made to flow past the surface 
but was not forced through the body of the concrete. 

Our studies cover the exposure to acid water of about 1500 concrete 
specimens and of almost an equal number which were cured under 
non-acid conditions for purposes of comparison. Specimens ranged in 
size from 14% x 1%x 4-in. prisms to 8 x 16-in. cylinders. The concrete 
contained aggregate that was graded in some instances up to %4 in. 
The fine and coarse aggregate was always proportioned to give normal 
workability, that is neither oversanded nor undersanded mixes were 
used. Consistencies representative of dry tamped concrete as used in 
machine made products and of plastic concrete having a slump of 3 to 


*Buffer action refers to the resistance exhibited by a solution to a change in pH through the addition 
or loss of acid or alkali. 
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4 in. were included. Water-cement ratios ranging from 3.7 to 8 gal. 
per sack of cement were studied. 
Information was obtained under three major headings subdivided 
as follows: 
Conditions of Exposure 
pH value of the water 
Velocity of water 
Comparison of laboratory and field tests 
Conditions of Manufacture 
Variations in cement 
Variations in aggregate 
Curing conditions 
Use of admixtures 
Use of surface coatings 
Machine tamped and plastic concrete 
Quality of concrete 
Theory of Corrosion 
Strength as affected by the “‘water-lime ratio” 
Point of failure of concrete 
Variation in rate of attack with time 
Depth and uniformity of attack 
Rate of attack as affected by surface-volume ratio 
MATERIALS 
The cement used generally was a mixture of equal parts of four 
brands. The supply was obtained by mixing small samples from 
various shipments from the plants. These samples had been stored 
for a few months in sealed glass jars. All samples passed A. S. T. M. 
physical test requirements. Special cements used were samples re- 
ceived from manufacturers. 
Unless otherwise noted the aggregate was from the glacial deposits 
at Steilacoom, Washington. 
Admixtures and surface coatings were samples submitted by the 
manufacturers. 
Mixing water was the Olympia city water used for household 
purposes. 
TEST METHODS 
Data covering the details of each group of specimens are included 
in the tables (see p. 9). The specimens of any one group consisted 
of not less than five, each made on a different day, except in the case 
of admixtures where six specimens, three each from two batches made 
on different days were used. Unless otherwise stated, specimens were 
cured wet for 28 days under non-acid conditions before exposure. 
Control specimens were cured up to 28 days in the same manner as 
those prepared for acid exposure. From then on they were cured in 
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water of non-acid properties which was changed infrequently or not at 
all. Temperatures of the control specimens were in all cases within a 
few degrees of those exposed to acid water. 

In general the specimens were prepared in accordance with A. 8. T. 
M. method C39-27. All concrete was mixed with the hands. A 3¢-in. 
rod was used for puddling 2 x 4-in. cylinders and small prisms. A 
5g-in. rod was used for larger specimens. Aggregate coarser than 
14 in. was separated into several sizes and recombined to the desired 
grading. Fine aggregate was carefully split into lots of approximately 
the weight required for one batch. 

Acidified water was prepared in the laboratory by dissolving carbon 
dioxide gas (purchased in steel cylinders) in the Olympia city water. 
The gas was introduced into the water in the form of fine bubbles 
produced by passing it through porous plates installed near the bottom 
ofatank. This tank was approximately 12 x 24 in. in cross section by 
30 in. deep. The porous plates were effective in delivering a uniform 
quantity of gas at all points. The flow of the gas was measured by a 
laboratory-made flow-meter which utilized the difference in pressure 
at the two ends of a capillary tube through which the gas passed. 
Water was fed constantly into the tank in two streams which entered 
just above the porous plates. It was measured at intervals by diverting 
the stream and noting the time required to deliver a certain volume. 
The arrangement of valves was such that a reasonably constant flow 
of gas and water was maintained. While some of the gas escaped 
solution it was possible to maintain fairly uniform pH values at all 
times. pH values were determined colorimetrically with the La Motte 
Block Comparator. 

With the exception of series 57 to 61, the specimens exposed in 1927 
were placed in the tank described above. They were supported on a 
screen 2 in. above the porous plates. The cylinders stood on end, five 
layers deep with the members of any one group in the same vertical 
column. At the start of the test numerous samples were taken at all 
points in the tank to discover if there was any variation in the pH of 
the water. In no case was a variation as great as 0.1 pH found. 

For the exposure tests started in 1928 this tank was used for the 
preparation of acidified water but all specimens were exposed in a 
larger adjoining tank into which the acidified water flowed. Specimens 
of all series numbers over 61 were exposed in 1928. Some difficulty 
was found at first in securing a uniform flow of water past all the 
specimens in this tank. There was a tendency for the lower levels of 
water to show less acidity than that near the top. This was shortly 
corrected by an arrangement of inflow piping so that parts of the 
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water were discharged at various levels. After this change samples 
from all parts showed uniform pH values. 

Many of the ends of the smaller cylinders, being in contact one with 
another, were not exposed to the action of acid water. They were 
quite often found cemented together through the action of lime. The 
ends of some of the specimens were coated with paraffin. The ends of 
all cylinders were brought to true planes before exposure. If they be- 
came softened during exposure they were recapped with neat cement 
before testing for compressive strength. 

Part of the specimens were continuously exposed for about one year 
and part for about two years. In one group specimens were tested at 
intervals of from one month to two years. 

DATA OF THE TESTS 

In addition to compressive tests, specimens were weighed before 
and after exposure to acidified water. Control specimens cured in 
non-acid water were also weighed at the same time. The loss in 
acidified water plus the gain in non-acid water is shown in the data as 
the “loss in weight.’’ This loss is a rough measure of the amount of 
lime dissolved. It also covers amounts of alkalis and possibly other 
compounds that may have been dissolved, together with losses of fine 
particles of aggregate. It is also possibly affected by a difference in 
the amount of carbon dioxide chemically combined with materials of 
the concrete. Nevertheless, it was found to be a fairly dependable 
measure of lime loss. In one instance losses in weight were less than 
10 per cent greater than the lime loss as calculated from analyses of 
the supply and overflow water. The loss in weight was found to be less 
than 10 per cent greater than the lime loss as determined by chemical 
analyses of a few exposed specimens. 

Our purpose would not be served merely by determining whether a 
specimen had gained or lost strength during the period of exposure. 
Because concrete normally gains in strength while wet a specimen may 
be stronger at the end of a period of exposure to acid water and yet be 
weaker than if the water had been non-corrosive. For this reason the 
ratio of strength after exposure to strength under non-acid curing is 
used as a measure of the extent of the attack. 

During the progress of exposure the supply and overflow water were 
tested at intervals for carbon dioxide content, alkalinity and pH value. 

Absorption tests were made on a few specimens. These data 
afforded an indication of the effects of corrosion. 

The principal results of the tests are given in the following tables and 
diagrams: 
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Table 1. Initial Rate of Lime Solution in Various Waters 
2. General Data of Mixes Used* 
3. Gradings of Aggregates Used* 
4. Measurements and Analyses in Trough Tests* 
5. Effect of Acidity of Water* 
6. Exposure in a Natural Creek * 
7. Character of Portland Cement 
8. Character of Aggregate 
9. Effect of Curing Conditions 
10. Effect of Admixtures and Special Cements 
11. Effect of Surface Coatings 
12. Measurements and Analyses in 1927 Exposure Tank * 
13. Effect of Duration of Exposure* 
14. Absorption Tests 
15. Depth of Attack—Richness of Mix 
16. Effect of Surface-Volume Ratio 


Fig. 1. Effect of Acidity of Water 
2. Relation Between Water-Lime Ratio and Strength 
3. Effect of Lime Loss on Strength 
4. Duration of Exposure and Rate of Lime Loss 
5. Duration of Exposure and Total Percentage of Lime Lost 
6. Duration of Exposure and Loss in Strength 


a | 


Relation of Surface-Volume Ratio to Rate of Attack 
CONDITIONS OF EXPOSURE 
Rate of Attack as Affected by pH of Water 

Shortly after the main group of cylinders was exposed in 1927 the 
idea was conceived that if the water was allowed to flow slowly enough 
it would gradually become neutralized on its way past the surface of 
the concrete. 

To accomplish this, three small troughs 614 x 414 in. in cross section 
and 5 ft. long were connected in series. Forty-two 2 x 4-in. cylinders 
each of five different mixes were placed in the troughs. The water 
ratios used in these mixes varied from 4.5 to 8.1 gals. per sack. 
One cylinder of each mix was placed on its side at the inlet end of the 
trough. These were followed by the remaining members of each mix 
placed end to end so that the water in effect flowed past 5 columns 
each 2 in. in diameter and 14 ft. long. 

A portion of the overflow water from the main tank was passed 
through the troughs. The pH value of the entering water averaged 
6.1, and the flow was regulated to give about pH 7.0 at the discharge. 
It was found that the rate of flow (about 1.9 ft. per hour) was too slow 
to prevent diffusion backwards in any one of the three troughs and 


*The interests of most readers will be served by data shown graphically in Fig. 1-7 and in Tables 
1, 7, 8, 9, 10, 11, 14, 15 and 16. The exceptional reader, noting the omission (with the author's per- 
mission) of Tables 2, 3, 4, 5, 6, 12 and 13, will be further served on special order addressed to the 
Institute with photostat copies of the missing tabulations at 20 cents per table or $1.25 for the seven 
OTmISS1IONs, } DITOR. 
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that the pH of the water did not vary in the five foot length. There 
yas however, a regular change in pH from trough to trough. Two 
division plates which were not quite water tight were then placed in 
ach trough so that the series was divided into 9 sections each con- 
taining 4 or 5 cylinders of each group. With this arrangement a 
regular change in the pH value of each succeeding section was main- 
tained. 

This set-up was maintained for about 8 months. Frequent analyses 
showed that the water was being held at a very nearly constant acidity 
in each section. The pH value of the first section averaged 6.1 and 
the succeeding sections increased by 0.1 units up to 6.9 at the overflow. 


8 o 
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Average strength ratios and losses in weight are plotted in Fig. 1. 
Since the pH number is a logarithmic expression of the concentration 
of hydrogen-ions it might be expected that the degree of attack would 
vary in a logarithmic relation to the pH value. Curves are shown both 
for natural and logarithmic scales of pH values. (The latter is a 
natural scale of hydrogen-ion concentration.) The curves indicate 
that the degree of attack is somewhere between a linear and logarith- 
mie function of the pH number, probably somewhat closer to the 
former. It should be noted, however, that the quantity of lime in 
solution in the water was less at the lower pH values. Had the dissolved 
lime been constant throughout the effect would be to straighten the 
curve that is plotted to a natural scale of pH values. The tests of 
Baylis* for solubility of calcium carbonate also indicate a straight line 


*loe. cit. 
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relation with the pH number. It is therefore concluded that the degree 


of attack is inversely proportional to the pH number. 


The average alkalinity of the water leaving the trough was 196 parts 
per million (expressed as calcium carbonate). According to Baylis, 
equilibrium with pulverized calcium carbonate is established at an 
alkalinity of 196 parts per million when the pH value is about 7.3. Our 
curves, if extended, likewise indicate absence of attack at about pH 
7.3. If the original alkalinity of the water were lower, then some 
solution of lime would take place at higher pH values. It will be shown 
later, however, that for pH values greater than 7.0 (or somewhat less) 
the ultimate effect of corrosion is too slight to be of practical im- 
portance in concrete structures. 
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Quantity and Velocity of Water 

The quantity of water and its velocity except in extreme cases is not 
believed to have much effect on the rate of attack. As an instance of 
small quantity and low velocity, in the trough experiments discussed 
above, the velocity of the water was 1.9 ft. per hour and there were 
three square inches of concrete surface to one cubic inch of water. In 
traveling fourteen feet in 7% hours time, the water initially having a 
pH value of 6.1, reached a pH value of 6.9. Unless the conditions of 
exposure are comparable to these, no change in the pH of the water 
through the action of lime in the concrete is likely to occur. The 
particular acid present reflects its activity through its pH value (in- 
tensity factor). While for a given pH the molecular quantity of acid 
(quantity factor) and the total amount of lime the water is capable of 
dissolving may vary, the amount of water coming in contact with the 
concrete surface must be very small before saturation is approached. 
Therefore the pH value is in general the determining factor in the rate 
of attack. 

Water having a high velocity, particularly if it carries suspended 
matter, may exert a mechanical action and thus accelerate the solution 
of lime. The specimens exposed in the laboratory acquired a slimy 
film after afew months time. This film was removed by gentle washing 
and the rate of solution of lime was markedly increased. This effect 
is shown diagrammatically in Fig. 4. Water of high velocity may 
prevent the formation of such a protecting film or it may wear away 
the weakened outer layer of attacked concrete and thus expose new 
molecules of lime to rapid solution. 

Exposure to Natural Water 

It was thought important to expose specimens to the action of 
natural water for comparison with the results obtained in the labora- 
tory with artificially acidified water. It was also desired to continue 
the exposure for a longer period than was convenient in the laboratory. 
Two groups of specimens were exposed in 1928 in a small creek having 
an average pH value of 6.5. One group is composed of 2 x 4-in. 
cylinders having a water ratio of 4.5 gal. per sack. In the other group 
are factory-made, machine-tamped pipe sections 4 in. ininside diameter, 
17¢ in. in shell thickness and 7 to 8 in. long. These were made from 
24 in. lengths of pipe which were scored before hardening and later cut 
into lengths. The ends of these sections are brought to true planes 
with neat cement at the time of testing. They are loaded in the 
direction of the axis. 

A sufficient number of specimens are exposed to permit of periodical 
tests for some time to come. Companion specimens are stored in un- 
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TABLE 7—EFFECT OF SOURCE OF PORTLAND CEMENT 


2x 4-in. cylinders cured (a) wet for 28 days and (b) wet 14 days then dry 14 
days, then exposed in water acidified to pH 5.8 for 9 months. 

Series 49 to 52—Consistency 0.80, water ratio 3.7 GPS, cement content 2.25 bbls. 
per cu. yd. Mix by dry, rodded volume 1:3. Grading of aggregate 100% passed 


16" round opening. Fineness modulus 4.24. 


Series 53 to 56—Consistency 0.80, water ratio 5.8 GPS, cement content 1.67 bbls. 
per cu. yd. Mix by dry, rodded volume 1:4.3. Grading of aggregate 100% passed 
34” round opening. Fineness modulus 4.96. 


Each value the average of 5 tests made on different days. 
Compressive Strength is lbs. per sq. in. at age 10 months. 


| | —— | Compressive a | Loss in WwW eight \W ater-Lime 
Series) Consis- - — | Ratio 
No. tency Cees ent Ne Acid| Acidified Ratio | Gms. As % of | Gals. per 

| Water | Water | per Cyl. |Orig. Lime|Unit of Lime 


Cured Wet First 28 Days 


49 0.80 A 12350 6900 56 14.8 23 iS 
50 0.80 B 11640 6890 59 11.8 18 t 5 
51 0.80 C 9940 6570 66 11.6 1S 5 
52 0.80 D 12510 $020 64 12.6 19 $6 
Av. 0.80 11610 7099 61 12.7 20 $6 
53 1.10 A 6350 3840 60 18.4 38 93 
54 1.10 B 6790 4610 68 13.4 28 8.1 
55 1.10 C 5690 3620 64 11.0 21 7.3 
56 1.10 D 6020 4180 70 12.6 26 7.8 
Av. 1.10 6210 1060 65 13.8 28 8.1 


Cured Wet First 14 Days, Then Dry 14 Days 


49 0.80 A 12350 7790 64 
50 0.80 B 11640 5750 49 
51 0.80 Cc 9940 6570 66 
52 0.80 D 12510 $320 66 
Av. 0.80 61 
53 1.10 A 6350 £160 65 
54 1.10 B 6790 4450 66 
55 1.10 C 5690 3500 61 
56 1.10 D 6020 4530 75 


Av. 1.10 67 
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changed water in a location that gives the same temperature condi- 
tions. Both groups have been frozen for short periods during the first 
two winters. At the end of the first year the 2 x 4-in. cylinders had a 
strength ratio of 91 per cent and the pipe sections, 90 per cent. At two 
years the cylinders had dropped to 78 per cent. At this age all the pipe 
sections tested that were cured in unchanged water exceeded the 
capacity of the testing machine (300,000 Ibs.). Of five specimens 
exposed in the creek, three exceeded the testing machine capacity 
while two failed at about 94 per cent capacity. These results indicate 
attack of the same order of magnitude as obtained in the laboratory. 
CONDITIONS OF MANUFACTURE 
Effect of Brand or Type of Cement 


Four brands of portland cement were each used separately in series 
49 to 56. The data are shown in Table 7. Average strength ratios at 
the end of the period of exposure were as follows: 

Brand A 
Brand B 
Brand C 
Brand D. 


61 per cent 
61 per cent 
64 per cent 
; ........66 per cent 
Table 10 gives the results of several special cements, compared to 
portland cement in another series of exposure. The strength ratios 
were as follows: 
High early strength cement 
Alumina cement 
Brand A waterproof cement 


82 per cent 
81 per cent 
79 per cent 
74 per cent 
Mixture of four brands of portland cement 69 per cent 
It is concluded that among the brands of port}: we" cement studied 
none is distinctly superior in resistance. The special cements afforded 
somewhat greater, but by no means complete, resistance to attack. 


Brand B waterproof cement 


Effect of Type or Source of Aggregate 

Aggregates from twenty gravel pits in various parts of the state of 
Washington (one in British Columbia) were screened and recombined 
to the same grading. These aggregates included glacial deposits, de- 
composed granite, basalts, and pumice, but no limestone. Strength 
ratios of the resulting concrete ranged from a minimum of 53 per cent 
to a maximum of 70 per cent with an average of 61 per cent. The 
results are shown in Table 8. It has been attempted to find some 
relation between the character of the aggregate and the resistance of 
the concrete. This attempt was not successful. Some aggregates that 
would be rated as among the poorest from the standpoint of structural 
strength gave the highest strength ratios. It is concluded that if there 
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TABLE 8 


Proceedings 


EFFECT OF SOURCE OF AGGREGATE 


2 x 4-in. cylinders cured wet for 28 days then exposed in water acidified to pH 5.8 
for 10 months. 
Each series made from aggregate washed, screened and recombined to the same 


grading. 
content average 2.30 bbls. per cu. yd. 
of aggregates 100% passed No. 3 Tyler sieve. 
Each value the average of 5 tests made on different days. 
Compressive strength in lbs. per sq. in. at age 11 months. 


Series) Location of Pit 
No. 
25 (Cowlitz County 
26 | Pierce County 
27 =| British Columbia 
28 (Clark County 
29 |Lewis County 
30 (Grays Harbor County 
31 Pierce County 
32 (Skagit County 
33 San Juan County 
34 =| Kittitas County 
35 |Walla Walla County 
36 | Garfield County 
37 | Douglas County 
38 (Chelan County 
39 (Spokane County 
40 | Yakima County 
41 King County 
42 |Lewis County 
43 | Pierce County 
44 |\Okanogan County 
Av. 


Compressive Strength 


Water Water 
6770 4730 
6950 4480 
7370 4810 
7800 4710 
7420 4770 
6670 4210 
7000 4200 
7350 3910 
7530 4450 
7420 4680 
7300 4170 
6810 4750 
7060 3770 
7300 4030 
7120 4550 
7400 4170 
7040 4280 
3720 2520 
6780 3700 
7220 3890 


70 
65 
65 
61 
64 


Loss in Weight 


14 

9 
16 
13 
14 
16 
14 


Non-Acid | Acidified | Ratio| Gramsper' As % 
Cylinder Orig. I 


Water ratio average 5.8 but varied to give consistency of 1.10. Cement 
Mix 1:3 by dry rodded volumes. 
Fineness modulus 3.32. 


Grading 


of 
Ame 


is a difference in resistance it is relatively unimportant and cannot be 
determined by ordinary methods of inspection or test. 


Curing Conditions 


The results of various curing treatments are shown in Tables 7 and 9. 
Cylinders cured wet for 14 days and then allowed to dry in the labora- 
tory for 14 days before exposure gave substantially the same results 


as those cured continuously wet. 


Curing from the 24th to the 72nd hour in water vapor at tem- 
peratures ranging from 70 to 212° F. had no measurable effect on 
resistance. 


These results should be compared with alkali exposure tests in which 
it has been shown that curing conditions have a marked effect on 
resistance. 
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TABLE 9—EFFECT OF CURING CONDITIONS 
(See also Table 7) 

2 x 4-in. cylinders cured first 24 hours in moist closet at 70°, then next 48 hours 
in water vapor at temperature shown, then (a) in water for 25 days (b) in water for 
11 days then dry for 14 days, then exposed in water acidified to pH 5.8 for 9 months. 

Series 45—Consistency 0.80, water ratio 3.7 GPS, cement content 2.25 bbls. per 
cu. yd. Mix 1:3 by dry, rodded volume, Grading of aggregate 100% passed 14” 
round opening. Fineness modulus 4.24. 

Series 46—Consistency 1.10, water ratio 5.8 GPS, cement content 1.67 bbls. per 
cu. yd. Mix 1:4.3 by dry, rodded volume. Grading of aggregate, 100% passed 34 
round opening. Fineness modulus 4.96. 

Each value the average of 5 tests made on different davs. 

Compressive strength in lbs. per sq. in. at age 10 months. 


Chi Compressive Strength Loss in W eight j Water-Lime 
gna uring : 
Series; Consist- Temp - Ratio 
No. | ency prem Fr Non-Acid | Acidified| Ratio | Grams As % of | Gals. per 
“EB: "*| Water | Water per Cyl. Orig. Lime|Unit of Lime 
Cured Wet First 2s Days 
45 0.80 70 11850 7630 65 11.6 18 4.5 
45 0.80 120 10870 6960 64 QS 17 4.5 
45 0.80 150 10850 6370 59 11.0 20 1 6 
45 0.80 180 10600 6470 60 1O 8 17 4.5 
45 0.80 212 10120 6510 64 11.0 17 4.5 
Av 0 80 62 1.7 1S 1.5 
46 1.10 70 5870 3610 62 12.8 27 s.0 
46 1.10 120 6050 3700 61 11.4 24 re i 
46 1.10 150 5610 3680 66 11.0 23 7.6 
46 1.10 180 4900 3110 63 11.6 24 7.7 
46 1.10 212 4000 2300 58 11.6 24 re | 
Av 1.10 62 Li .7 24 i i 
Cured Wet 14 Days, Then Dry 14 Days 
45 0 80 70 11060 6510 59 11.8 IS 4.5 
45 0.80 120 11430 6990 61 11.0 17 15 
15 0 80 150 11140 7200 65 13.2 () 1.6 
15 0 SO 180 10870 6420 59 10.8 17 1.5 
15 0 SO 212 10360 5940 57 10,8 17 $5 
Ay 0 80 60 11.5 IS 15 
16 110 70 5840 3980 6S ye 27 Ss 0 
it) 1.10 120 5940 4170 70 qg 2 19 792 
16 1.10 150 5560 3690 66 15.2 32 8 6 
16 1.10 ISO 5100 3460 6S 12 6 26 7.9 
14} 1.10 212 4100 2700 Oo isa aa s 0 
\y 1.10 67 12.7 26 7.9 
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TABLE 10—EFFECT OF ADMIXTURES AND SPECIAL CEMENTS 


2 x 4in. cylinders of special cements or of portland cement plus admixtures 
Proprietary compounds added in proportions recommended by manufacturer. Cured 
wet 14 days then allowed to dry for 14 days then exposed to water acidified to pH 6.0 
for 21 months. 

Water used to give same consistency (1.10) as obtained with plain portland cement 
using 614 G. P.S. Cement content (plain concrete) 1.77 bbls. per cu. yd. Mix 1:4 
by , rodded volume. Grading 100 per cent passed 14” round opening. Fineness 
modulus 3.77. 

Each value the average of 6 specimens, 3 each from 2 batches made on different 
days. 

Compressive strength in Ibs. per sq. in. at age 22 months. 














| Compressive Strength Description of Cement or Admix- 
Series| Water | —_—_— ,>—__——_ | ture Used. Proportions by 
No. | Ratio | Non-Acid | Acidified Strength weight of cement or by 
G.PS. | Water Water Ratio | volume of mixing water 
91 | 6.4 6260 5110 82 High Early Strength Cement 
90 | 6.4 6940 5630 81 High Alumina Cement 
92 | 6.4 5040 3960 79 Waterproof Cement, Brand A 
93 | 6.3 4310 3180 74 Waterproof Cement, Brand B 
86 | 6.25 5640 4410 78 Calcium Chloride, 2% of Cement 
85 | 6.5 | 5420 4240 78 Diatomaceous Earth, 3% of Cement 
78 | 6.25 4690 3680 78 Calcium Stearate plus Clay in 
Powder Form, 2% of Ce me nt 
82 | 6.25 5390 4170 77 Unidentified Powde r, 24% of 
Cement 
80, 6.7 3710 2870 77 Paste, Partly Soap, 7% of Mixing 
Water 
79 | 6.1 | 5260 4010 76 Solution Calcium Chloride, Sp. G 
1.246, 10% of Mixing Water 
81 | 6.25 5720 4330 76 Solution Calcium Chloride, Sp. G. 
1.273, 5% of Mixing Water 
84 | 6.3 6410 4830 75 Hydrated Li ime, 10% of Cement 
83 | 6.25 4650 3440 74 Ammonium Soap- Paste, 3% of 
Mixing Water 
89 | 6.25 4520 3250 72 Powder, Mostly Calcium Soap, 
2% of Cement 
87 | 6.4 4280 3100 72 Coal Tar Product—Liquid, 3% of 
Cement 
*76 6.25 | 5250 3600 69 Portland Cement, Plain 
Specimens Exposed 11 Months 
107 | 6.25 | 5760 4890 85 Portland Cement, —— 
108 | 7.0 5080 4170 82 Treated Bentonite, 3% of Cement 
109 | 6.6 | 5800 4250 73 aeaiitne dentine Alloy, 15% 


| of Cement 








*V ial interpolated from Series 76 for 21 month exposure. 
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Admixtures 


Ten proprietary compounds, advertized for waterproofing or damp- 
proofing, were used in accordance with instructions furnished by the 
manufacturers. These contained materials such as bentonite, am- 
monium stearate, caleium stearate, and calcium chloride. In this 
group hydrated lime, diatomaceous earth, and calcium chloride were 
also included. Table 10 shows the results of 2 x 4-in. cylinders in 
which these admixtures were used. The strength ratios ranged from 
72 to 78 per cent compared to 69 per cent for plain concrete. 

In fairness to the manufacturers of these compounds it should be 
said that had larger specimens been tested the degree of resistance 
afforded might have been somewhat greater. It is difficult to conceive, 
however, that any would have afforded complete protection. It will 
be shown later that larger specimens, although made of plain concrete, 
are not greatly in need of further protection. 


Surface Coatings 


Nine surface coatings were applied to specimens which had been 
allowed to dry before application. Neat cement was applied to speci- 
mens kept damp. The results are shown in Table 9. Strength ratios 
ranged from 86 per cent to 93 per cent compared to 69 per cent for 
uncoated specimens. All of the coatings therefore offered some pro- 
tection to the concrete and all acted in about the same degree. 

It should be noted that these specimens were exposed to acid water 
for a period of only 22 months. They received careful handling and 
were not subject to abrasive action during exposure. In actual use the 
effectiveness of coatings would depend on their durability or on the 
frequency with which they were renewed. 

Machine Tamped Concrete 


A number of groups representative of machine tamped concrete are 
shown in Tables 7 and 9. Before preparing these specimens, the con- 
sistency used in making machine made pipe was studied in two plants. 
The average consistency used was about 0.75, based on a consistency 
of 1.00 having a slump of about 4% in. It was not found possible to 
prepare cylinders of 0.75 consistency that were uniformly compacted. 
By raising the consistency to 0.80 and by the use of a specially designed 
heavy tamper, well compacted cylinders giving uniform strengths were 
obtained. In molding these cylinders, an extension was placed on top 
of the mold to guide the tamper so that uniform blows could be struck 
on the top layer. 

The resistance of these cylinders to acid was closely in accordance 
with that found for comparable mixes of 1.10 consistency. It is there- 
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fore believed that general conclusions based on plastic concrete speci- 
mens are applicable to machine tamped concrete. 
Richness of Mix 
This factor will be discussed after results of depth of attack studies 
are presented. 
THEORY OF CORROSION 


Effect of Loss of Lime on Strength 

An interesting relationship between strength and “water-lime”’ ratio 
has been developed. The water-lime ratio is defined as the number of 
gallons of mixing water per unit of lime remaining in the concrete. A 
unit of lime is the average quantity contained in a sack of cement 
(63 per cent of 94 lbs. or 59.2 lbs.). For concrete cured under non-acid 
conditions the water-lime ratio and thewater-cement ratio are synony- 
mous. Our studies indicate that the strength of corroded concrete 
specimens is also determined by the water-lime ratio and that the 
values fit the same curve, regardless of the extent to which the corrosion 
has been carried. 

As stated above, the loss in weight resulting from exposure is a 
rough measure of the loss of lime. Knowing the original water-cement 
ratio, the calculation of the water-lime ratio is simple. Fig. 2 shows 
two curves—the lower one drawn from data of one group, series 57 to 
61. The curve passes through the points representing specimens cured 
under non-acid conditions. It will be noted that points representing 
corroded concrete genera'ly fall to the right of this curve. This is 
doubtless because weight loss is somewhat greater than actual lime loss. 

The upper curve in Fig. 2 is plotted from data taken from several] 
tables. There is greater divergence from the average curve in this case 
because it includes specimens of different sizes, of different consistencies 
and tested at different ages. It shows however, the general application 
of the water-lime ratio. It is concluded that the strength at any stage 
of corrosion is determined by this ratio. 

Point of Failure of Concrete 

The point of failure may be determined by the water-lime ratio, 
namely when this value reaches, say, 15 gals. per unit. It is desirable 
however to approach the subject from a different angle and determine 
an average value for lime loss that will represent failure. In Fig. 3 a 
sufficient number of values are plotted to indicate the general trend. 
Our tests have carried corrosion to a lime loss of about 27 per cent with 
an accompanying reduction of the strength ratio to about 60 per cent. 
Several years ago the opportunity was afforded of inspecting a munic- 
ipal reservoir that had been in service about 25 years. The concrete 
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lining was badly corroded, probably largely through the action of 
percolating water. Construction records indicated that a reasonably 
rich mix had been used in placing this lining although the consistency 
was very dry. At the time of inspection, the concrete was so soft that 
it could easily be dug into with a pick. Fragments thus detached 
could be crumbled in the hand. The value, zero, was therefore assigned 
as the strength ratio of this concrete. A chemical analysis of samples 
of the lining was made. By a comparison of the ratio of the lime to 
active silica with a similar ratio assumed for the original cement it was 
estimated that 57 per cent of the lime had been removed through 
solution. This value agrees with a curve extrapolated from our original 
data. Since most structures will fail somewhat before the strength is 
reduced to zero it is concluded for purposes of computation that failure 
of average concrete will occur when 50 per cent of the original lime has 
been removed. 
Variation in Rate of Lime Loss with Time 

Analyses of the overflow water from the tank used in the 1927 series 
were made at frequent intervals during the 288-day period of exposure. 
The quantity of lime dissolved per day is calculated from the increase 
in alkalinity of the water and the rate of flow (about 325 ce per minute). 
These data are shown graphically in Fig. 4. The amount of lime con- 
tained in the cement in the 280 cylinders was known. The amount of 
lime dissolved, expressed as a cumulative percentage of the quantity 
originally present, is shown in Fig. 5. It is significant that the loss in 
lime thus determined checks the losses in weight of the cylinders within 
10 per cent. The figure shows that the logarithm of the loss of lime is 
directly proportional to the logarithm of the time. Since the curve 
with logarithmic plotting is a straight line it is believed that extra- 
polation for a short distance will not result in great error. The validity 
of this procedure is borne out by the work of Baylis.* In his pro- 
gressive treatment with successive portions of water of hardened neat 
cement, which was rather thoroughly carbonated, 93 per cent of the 
lime, largely in the form of Ca CO; and Ca (H COs). was removed. 
The quantity removed with each treatment gradually decreased in a 
uniform manner. There was nothing to indicate a break in the rate of 
solution. For this reason it is concluded that our curve may safely be 
extrapolated to the point of 50 per cent lime loss which is taken as the 
point of failure. The curve, then indicates failure of the specimens at 
about 4% years. 

The equation of this curve is in the form 

log L K log T 1) 


*loc. cit 
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where L = the percentage of the original lime lost and T = the time 
in days for which the specimens have been exposed. 

The introduction of a second constant to take care of the intercept 
with one of the axes is unnecessary since its value is very small. 

The equation for the curve of Fig. 5 is 

No Bia do olen ah avs nsrda cents edn om’ (2) 

A general equation for determining the value of K when the lime loss 

at 300 days is known is, 


- lg L 
cos aaa ak fine p Ho 6 ale Searc : (3) 
2.477 
A general equation for the time required for 50 per cent loss of lime is 
: 1.699 
i=. DE Tn ay Site Peete N a er 


The use of these equations will be developed later. 
Variation in Strength with Time 


In series 75 to 77, 48 cylinders of each of three mixes were exposed 
for various periods up to 22 months. Similar specimens were cured in 
non-acid water. The strengths of these cylinders are presented 
graphically in Fig. 6. It is seen that there is a continually widening 
divergence between the strengths of the exposed cylinders and the 
companion cylinders stored in non-acid water. Towards the end of the 
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22-month period the strengths of the exposed cylinders tend to fall be- 
low their original 28-day strength at the start of the exposure. 

If the losses in weight are plotted against time a curve similar to 
that of Fig. 5is obtained. Extrapolation of this curve indicates failure 
of the concrete in about 8 years. 


Depth and Uniformity of Attack 


All the specimens exposed to acidified water were severely attacked 
for a depth of ,j; to ;; in. from the surface. This outer layer was 
lacking in strength or coherence. Chemical analysis showed that less 
than 13 per cent of the original lime remained. However, it is not con- 
cluded that the attack was confined entirely to this outer layer. The 
fact that lime had also disappeared from the interior has been demon- 
strated in several ways. The reduction in strength of the cylinders was 
greater than could be accounted for by the reduction in area due to the 
attacked outer layer. The appearance of the interior of specimens 
exposed to acid water was distinctly different from those cured in 
non-acid water. The absorption of the interior of the concrete exposed 
to acid water was about one per cent greater in series 45 and 46 than 
that of similar concrete not exposed to acid. See Table 14. 
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TABLE 11—EFFECT OF SURFACE COATINGS 


2 x 4-in. cylinders, cured wet for 14 days then allowed to dry in laboratory for 7 
days (except for neat cement coating) when first coat applied. Second coat applied 
3 days later. One end of each cylinder coated with paraffin, balance of surface with 
the coating noted below. 

Consistency 1.10. Water ratio 64% G. P.S. Cement content 1.77 bbls. per cu. yd. 
Mix 1:4 by dry, rodded volume. Grading of aggregate 100 per cent passed 19” round 
opening. Fineness modulus 3.77. 

Exposed after 28 days to water acidified to pH 6.0 for 21 months. 

Each value the average of 5 tests made on different days. 

Compressive strength in lbs. per sq. in. at age 22 months. 


Compressive Strength 


Series Un- Description of Coating 
No. changed | Acidified 
Water | Water Ratio 


94 to 


103 4840 Average of all coated specimens 

94 4190 86 Silicate of Soda purchased at drug store 
95 4300 89 Neat Cement on concrete kept damp 
96 4430 91 Liquid of Coal Tar Base, Brand A 
97 4520 93 Emulsified Asphalt, Brand A 

98 4460 92 Emulsified Asphalt, Brand B 

99 4460 92 Melted Paraffin 

100 4490 93 Liquid of Coa! Tar Base Brand B 
102 4420 91 White Brushing Lacquer 

103 4270 88 Gilsonite Paint 

*76 5250 3600 69 Uncoated Concrete 


*Values interpolated from Series 76 for 21 month exposure. 


TABLE 14—ABSORPTION TESTS 


Made on fragments of fractured cylinders with outer layer removed. 

Absorption expressed as percentage lost on drying concrete ‘“‘as cured” or ‘‘as ex- 
posed”’ to constant weight at 107 deg. C. 

Each test made on fragments from 2 cylinders. 


_ | Temp. of Absorption | Temp. of Absorption 
Series) Early |— — —____—-—|Series} Early \--- 


No. Curing Non-Acid | Acidified No. | Curing Non-Acid | Acidified 
deg. F. Water Water deg. F. Water Water 

45 70 | 4.6 5.5 46 | 70 | 

45 120 4.5 §.2 46 120 §.5 7.0 

45 180 4.7 5.0 46 180 6.0 7.5 

45 212 7 6.0 46 212 §.7 7.8 





- 
‘ 


“I 
w 


wt 


45 | Av. 4.6 5.4 46 Av. 
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A special study of this factor was made in the following way: 
14x 1%x 4-in. prisms were placed, lying flat in layers, in metal boxes 
so that one surface of the top prism only was exposed to the action of 
water. In each layer there were 15 prisms, 5 each of 3 mixes. The 
members of each mix were separated from other mixes by means of tin 
foil. After the boxes were filled a narrow space between the metal and 
the concrete was caulked with tin foil and melted paraffin was applied 
as an additional seal. Four groups were exposed in which there were 
respectively 1, 4, 7, and 10 layers of prisms, giving depths of concrete 
of 1%, 6, 101%, and 15 in. Since the prisms of any one mix were in 
intimate contact one with another, the opportunity for exchange of 
lime was the same as though a mass of concrete of similar dimensions 
had been cast monolithically. These groups were exposed for 22 
months in water maintained at pH 6.0. Each specimen was then 
tested individually. Results are shown in Table 15. Values for the 
top layer of specimens are omitted for the sake of clarity. Because of 
the relatively small areas exposed, loss of strength was not great and 
no definite conclusions can be drawn from compressive tests. The 
table gives the loss in weight of all specimens. Inspection shows that 
excluding the top prism, which was surface attacked in each case, the 
remaining prisms lost a uniform amount regardless of the depth from 
the surface. It is therefore concluded that a transference of lime from 
the interior to the surface takes place and that excluding a thin outer 
layer, the extent of the attack is uniform for a depth of at least 15 in. 


Surface-Volume Ratio 


Since the loss of lime takes place through the exposed surface it is 
natural that large members having less exposed area per unit of volume 
should suffer less from attack. Table 15 shows that the strengths in- 
crease and the loss of lime decreases (in two cases out of three) as the 
depth of the concrete increases. Table 16 shows results of exposure of 
2 x 4-in., 4 x 8-in. and 8 x 16-in. cylinders. These specimens have 
respectively 2.0, 1.0 and 0.5 sq. in. of exposed surface to 1.0 eu. in. of 
volume. The losses in weight expressed as a percentage of the original 
lime are plotted in Fig. 7. 

Since most of the tests covered in this paper were made on 2 x 4-in. 
cylinders it is important to compare the surface-volume relationship 
of these specimens with those of small concrete members used in con- 
struction work particularly drain, sewer and culvert pipe. The follow- 
ing table has been prepared for this purpose. The ends of the members 
are not included in the caleulation of area and only the interior surface 
of the pipe is included because ordinarily water does not flow past the 
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1% x 1x 4-in. prisms cured wet for 28 days then placed lying fiat in layers in 
metal boxes with one surface of top prism only exposed to water. 
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DEPTH OF ATTACK 


Series 62 to 64 


acidified to pH 6.0 for 22 months. 


Consistency 1.10. 


RICHNESS OF MIX 


Cement content 2.46 bbls. (4.5 G. P. S.). 


Exposed in water 


1.77 bbls. 


Proceedings 


G. P. 8.) and 1.51 bbls. (8.0 G. P. 8S.) per cu. yd. Mixes by dry, rodded volumes 1:2 
1:4.0, and 1:4.7. Grading of aggregate 100 per cent passing 14” round openi 


Fineness moduli 4.09, 3.77 and 3.52. 


Each value the average of 5 tests made on different days. 


Loaded in direction of long axis. 
23 months. 


Values for top specimens omitted from table to avoid confusion. 


Position 
of Prism 


from Top 


NID Ure Who 


Av. 


DI@uabwrno < 


a 
~~ 
— 


Av. 


4.5 


| G.P.S. 


9850 

| 9640 
10200 
9900 


9210 


9160 | 


9080 
9600 
9630 
9940 


9440 


| 9310 
| 9450 
9990 
9560 
9500 
9790 
9760 
9590 
9360 


9480 


Grand Average 


Loss as % of Original Lime 


Water-Lime Ratio 


Compressive strength in lbs. per sq. 


Compressive Strength 


6.25 


G.P.S. 


5690 
5690 
5840 


5740 
5360 
5470 
5470 
5710 
5770 


5620 
5570 


5820 
5680 
5800 
5730 
6050 
5400 
5600 
5700 
5420 


5690 


8.0 


G.P.S. 


3330 
3350 
3300 


3330 


3170 
3420 
3340 
3300 
3480 
3390 


3400 


3320 
3350 
3450 
3460 
3520 
3450 
3450 
3490 
3300 


3420 





Average 


6320 


6470 


6530 


4.5 6.25 8 
of Mixes | G.P.S. | G.P.S. | G.P.S. 
: 1°9 2.5 2.9 
2.2 2.3 2.8 
2.5 2.2 3.0 
2 2 2.3 2.9 
1.9 3.0 3.1 
2.0 2.7 3.0 
2.0 2.4 3.4 
2.2 2.5 3.4 
2.4 3.0 3.4 
2.3 2.6 3.0 
2 1 2.7 3.2 
2.3 2.0 2.6 
1.9 2.5 2.9 
1.8 2.5 2.9 
1.9 2.4 3.3 
1.5 2.2 2.8 
2.1 2.6 2.3 
2.1 3.2 2.7 
2.2 2.3 2.2 
2.0 2.2 3.0 
2.0 2.5 i 
2.05 2.53 2.87 
4.0% 6.7%] 9.09 
4.7 6.7 8.8 


Loss in Weight 


0 


in. at ag 


(rams 


pe 


r 


I 


1 


Prism 


Average 
of Mixes 





(6.25 
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outer surfaces except possibly in certain installations of drains. If such 
a condition exists the exposed surface will be a little more than twice 
that shown below: 


Sq. In. Surface to 1 


Member Cu. In. in Volume 
2x4” Cylinder 2.0 
4x8” Cylinder 1.0 
8x16" Cylinder 0.5 
A. 8. T. M. Sewer Pipe 
Serial Designation C 14 4’ 1.6 
6 1.6 
B” 1.2 
10” 1.1 
12” 0.9 
15” 0.7 
18” 0.6 
Joint Committee Std. 
teinf. Culvert Pipe Table II 12” 0.5 
18” 0.4 
24” 0.3 
30” 0.3 
36” 0.2 
42” 0.2 


From this table it is seen that only the smaller sizes of pipe are com- 
parable to 2 x 4-in. cylinders, the intermediate sizes (10-in. and 12-in. 
sewer pipe) to 4 x 8-in. cylinders and culvert pipe to 8 x 16 in. or larger 
cylinders. 
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TABLE 16——EFFECT OF SIZE OF SPECIMEN (SURFACE-VOLUME RATIO) 
Series 72 to 74 


2x 4-in. cylinders—2.0 sq. in. exposed surface to 1.0 cu. in. of volume. 

4x 8-in. cylinders—1.0 sq. in. exposed surface to 1.0 cu. in. of volume. 

8 x 16-in. cylinders—0.5 sq. in. exposed surface to 1.0 cu. in. of volume. 

= cured wet for 28 days then exposed to water acidified to pH 6.0 for 22 
months. 


Consistency 1.10. Cement content 2.17 bbls. (4.5 G. P. S8.). 1.60 bbls. (6.25 
G. P. 8.), and 1.30 bbls. (8.0 G. P. 8S.) per cu. yd. Mixes by dry rodded volumes, 
1:3.2, 1:4.7 and 1:6.0. Grading of aggregate 100 per cent passed °4” round opening. 
Fineness moduli 4.91, 4.75 and 4.61. 


Each value the average of 5 tests made on different days. 
Compressive strength in lbs. per sq. in. at age 23 months. 


Water- 
Compressive Strength Loss in Weight Lime 
Water | Size of - Ratio. 
Ratio | Cylinders Ounces | As & of Gals. 
G.P.S. | Inches | Non-Acid | Acidified | | per Original per Unit 
Water Water Ratio| Cylinder; Lime | of Lime 
4.8 2x4 7670 5910 77 0.6 26 6.1 
4.5 | 4x8 8200 6990 85 2.2 15 5.3 
4.5 | 8x16 * . 9.2 6 1.8 
; 
4.5 | Av. 1.0 16 5.4 
6.25 | 2x4 5010 3870 77 0.4 26 8.4 
6.25 | 4x8 5350 4830 90 Oe 17 7.2 
6.25 | 8x16 5890 5730 97 9.4 9 6.9 
6.25 Av. 5420 4810 88 3.8 17 7.5 
8.0 | 2x4 3550 2520 71 0.4 30 11.4 
8.0 4x8 3280 2900 88 1.5 Is 9 
8.0 | 8x16 3460 3250 94 | 9.2 11 9.0 
8.0 | Av. 3430 2890 84 3.7 20 10.0 
Av. | 2x4 5410 4100 75 | 0.5 27 8.6 
of 4x8 5610 4910 87 | 18 17 ’ § 
Mixes 8x 16 9.3 9 6.9 
| = 
| Av. 3.8 18 7.7 
Av. of | 2x4 4280 3200 74 | 0.4 28 9.9 
Last Two| 4x8 4320 3870 89 | 1.6 18 8.7 
Mixes | 8x16 4680 4490 96 | 9.3 10 7.9 
Av. 4430 3850 Ss Cf} 3.8 19 8.8 


*Exceeded capacity of testing machine (300,000 Ibs.). 











The Effect of Acid Waters on Concrete 29 


QUALITY OF CONCRETE 

The question of the resistance of different grades of concrete is 
answered by comparing the results of the three mixes used frequently 
throughout the investigation. The range in water-cement ratios, from 
41% to 8 gal. per sack, covers all mixes likely to be used in practice. A 
study of 2 x 4-in. cylinder results would indicate that there was little 
difference in the resistance. However, in drawing conclusions it seems 
necessary to disregard the results of the 2 x 4-in. cylinders. In molding 
specimens, a relatively large amount of fine material is forced to the 
surface. There is proportionately more cement at the surface for the 
richer mixes. The protection that might be afforded by a greater 
concentration of colloidal matter resulting from a richer mix does not 
appear to be effective at the surface. For this reason it is believed that 
rich mixes suffer from surface attack as much as leaner mixes. In 
2 x 4-in. cylinders the attack over a relatively large surface area tends 
to mask the effect of density in the body proper. 

By reference to the results of the larger cylinders in Table 16, it will 
be seen that the percentage loss in lime and the loss in strength is less 
for the lower water-cement ratios. 

In the series of prisms described under ‘Depth and Uniformity of 
Attack” (Table 15) an opportunity is afforded of studying richness of 
mix without the complicating effect of surface attack. The average 
water-lime ratios resulting from loss in lime are equivalent to losses in 
strength approximately as follows: 

4.5 G. P.S. 
6.25 G. P. S. 
SO &. 7.8... 


6 per cen 
10 per cent 
ree ee ee re ree 14 per cent 


Our tests were not carried far enough to justify the conclusion that 
these values are entirely reliable. Nevertheless there is sufficient 
evidence to warrant the conclusion that richer mixes are more resistant 
to an important degree. 


Our program did not include the study of concrete made from poorly 
graded aggregate or concrete mixed to excessively wet consistencies. 
If either of these factors causes harshness or segregation with resulting 
honey-combing or lack of density, it is believed the effect would be 
similar to an increase in the exposed surface area. 


ESTIMATES OF PROBABLE LIFE 


The discussion of the data in the foregoing portions of the paper has 
resulted in the statement of a number of theories, the application of 
which makes it possible to estimate the life of concrete structures under 
varying conditions of exposure. The accuracy of the estimates, of 
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course, depends on the accuracy of the data upon which the theories 
are based. No claim is made for unusual accuracy in securing the data 
although the testing was done entirely by experienced operators. Any 
shortcomings are due more to a lack of early appreciation as to which 
factors were of greatest importance. Had the outcome been fully 
understood at the start the work would have been planned to give 
more emphasis to certain features. 

There has not been, to the writer’s knowledge, a previous attempt 
to develop mathematical expressions of probable life. For this reason 
it is felt that the indications of our tests are of sufficient interest to 
warrant their use for this purpose. It should be borne in mind that 
the results cannot, in any event, be expected to be more than relative 
measures since factors other than corrosion will generally have their 
effect in determining actual life. 

The basic principle upon which estimates will be made is that loss of 
lime varies in a logarithmic relation to length of exposure. The con- 
stant in the equation 

i a, Lal (1) 
will be varied in accordance with conditions of exposure and with the 
surface-volume ratio. It is not believed that data on quality of con- 
crete are sufficiently developed to warrant applying this factor in more 
than a general way. 

The value of the constant K may be obtained from the equation 





in which 2.477 is the logarithm of 300. This value for age is used be- 
cause it is approximately the greatest age at which data were obtained 
for the curve of Fig. 5. 

For 2 x 4 cylinders the lime loss at 300 days is 20 per cent at pH 5.8. 
It will be assumed to be 2 per cent at pH 7.0. The loss at intermediate 
acidities will be assumed to be in inverse proportion to the pH number, 
for example, 17 per cent and 9.5 per cent at pH 6.0 and pH 6.5 re- 
spectively. 

These values will next be multiplied by a factor to cover the surface- 
volume ratio, S/V. Using the curve of Fig. 7 it is noted that the loss 
of lime for S/V 0.5 is 37 per cent of that for S/V 2.0. 


The loss of lime at 300 days is thus determined to be as follows: 


SE Sr fee re ree 17.0 per cent 
CL sb 6i sks edeks tn abekans 6.3 per cent 
8. gS Ser ery er 9.5 per cent 


NE GPUS, 5. oss sie ovis bids Wee eas 3.5 per cent 
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The time required for a loss of 50 per cent lime or failure of the con- 

crete may be obtained from the equation 
log T = — 4) 
J = lahat Sc ob ta tees a (4) 

The application of this equation to specific assumed conditions of 
concrete pipe installations will next be illustrated. 

Problem 1. A 4-in drain pipe having the same shell thickness as A. 8. T. M. sewer 
pipe is to be used in the drainage of swampy land. It is assumed that the pipe will 
run full. What will be the estimated life if the pH value of the water is (a) 6.0 and 
(b) 6.5? 

Solution. The nominal surface-volume ratio for this pipe is 1.6. There will be 
some action on the outside of the pipe due to the flow of water to the joints in reach- 
ing the inside. This will have the effect of raising the surface-volume ratio to some 
point between 1.6 and 3.3. An adjusted value of 2.0 may be assigned. The values 
of K are therefore .497 and .394 for pH values of 6.0 and 6.5 respectively. Solving 
equation (4) the estimated life of this drain pipe is 2620 days or 7 years for exposure 
at pH 6.0 and 57 years for exposure at pH 6.5. 

Problem 2. 12 in. culvert pipe having the shell thickness required by Table 2 of 
the Joint Committee’s standard reinforced culvert pipe specifications is to be used 
to carry water of pH 6.0. It is assumed that one-third of the inner surface will be 
under water continuously. What is the estimated life of this culvert? 

Solution. The nominal surface-volume ratio is 0.5. Since only one-third of the 
inner surface is wet, the value 0.5 would be reduced considerably if the upper portion 
were thoroughly damp continuously so that lime travel could take place. However, 
tt isby no means certain that this condition will exist. It will be safer to neglect this 
effect entirely and assume that the invert is resisting corrosion practically as a 
separate body. Failure of the invert means failure of the culvert. A value of 0.5 
should therefore be assigned as the surface-volume ratio. The value of K is .322. 
Substituting in equation (4) we obtain for 7’, 191,000 days or 520 years. 

The estimate for an 18-in. culvert under the same conditions as in Problem 2 is 
2400 years. 

GENERAL ASPECTS OF CORROSION 


The above problems illustrate the application of a well known 
principle, namely that the rate of solution increases with the fineness 
of the solid. Large crystals of copper sulfate, for instance, are rather 
difficult to dissolve. If the crystals are finely ground solution is quite 
rapid. Concrete structures likewise increase in resistance to corrosion 
as their size becomes larger. The effect on structures as large as bridge 
piers, under all probable conditions of natural acidity, is believed to 
be negligible if the concrete is of reasonably good quality. An obvious 
method of insuring longer life for small drain tile to be installed under 
the more acid conditions is to increase the shell thickness. 

It should be noted that a high quality of concrete has been assumed 
in the estimates of life. It is certain that the life of poor conerete would 
be much less under the same conditions. The estimates assume the 
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absence of erosion. Mechanical action on the exposed surface is sure 
to result in more rapid corrosion. It has been noted that the loss of 
lime results in increased absorption. This would indicate decreasing 
resistance to the effects of freezing. 

The theories developed in this paper may be extended in a general 
way to concrete structures used to confine water under pressure. If 
the concrete is permeable the structure in effect consists of a number 
of smaller units having surfaces exposed to flowing water. At the start 
it is probable that lime at the interior surfaces is in the form of calcium 
hydroxide which is much more soluble than calcium carbonate. The 
percolating waters, however, will carry dissolved carbon dioxide, 
carbonates, or bicarbonates which react with calcium hydroxide to 
form calcium carbonate. It is evident that in time a depth of calcium 
carbonate sufficient to prevent solution of calcium hydroxide will be 
built up. From this point on, corrosion should proceed in the same 
manner as set forth in this paper. 

CONCLUSIONS 

The principal conclusions are given in the summary at the beginning 

of the paper. 


Readers are referred to the JourNnau for January, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by Dec. 1, 1931. 











TesTING Cast STONE 
Report of Committee 704, Cast Stone Standards* 
BY FRED WIEGEL, CHAIRMAN 


THE Tentative Specification for Cast Stone (P3-A-29T) adopted by 
the American Concrete Institute at the 1929 convention was subse- 
quently adopted as standard by the Cast Stone Institute. During the 
last two years the Cast Stone Institute has been carrying on a regular 
program of testing and considerable information has accumulated on 
the practical and mechanical aspects of the testing procedure as well as 
on the fairness of the strength and density requirements of the specifi- 
cation. 

In all these tests, 2-in. cubes were used exclusively. Results were 
closely in line with those of the special study made by A. C. I. Com- 
mittee P-3 in 1928-1929 and with the results reported by John Tucker, 
Jr., and G. W. Walker in the paper ‘‘The Physical Properties of Com- 
mercial Cast Stone.”’ 

Objections have been made to the use of 2-in. cubes as test speci- 
mens, based on the difficulty of cutting them to exact size and shape 
without chipped edges. Experiences reported to this committee do 
not seem to support this objection. 

Other objections were based on the unsuitability of a cube for 
testing purposes. While the disadvantage of a cube may be admitted, 
the committee feels that other considerations outweigh any disad- 
vantages which might be named. This specification covers concrete 
whose physical properties are to be compared with those of various 
quarried stones. Inasmuch as the 2-in. cube has been the type of 
specimen employed in most compressive tests on quarried stone it is 
natural that 2-in. cubes should be used for compressive tests on cast 
stone. Moreover, since the tests are principally for comparing the 
qualities of various cast stones, one type of specimen serves as well as 


*Presented at the 27th Annual Convention, Milwaukee, Feb. 24-26, 1931. 
‘A.C. 1. Proceedings, Vol. 25, 1929, p. 550 
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another. The greater expense involved in cutting out larger specimens 
is also an important consideration as is the fact that the majority of 
cast stone is slightly less than 4 in. thick. 

Before adopting the 2-in. cube as standard, this committee considered 
the possibility of molding specimens especially for testing. Since that 
method would not produce specimens representative of the commerical 
product and has objectionable possibilities otherwise, it was rejected. 
While cast stone is essentially concrete, its application is somewhat 
outside the regular field of concrete and the committee does not feel 
that convenience, economy and effectiveness in testing procedure 
should be sacrificed for the sake of conformity to usual standards of 
concrete testing. 

As to the manner of testing specimens from faced cast stone, the 
imperfections of the method are admitted. But, since the facing 
material is almost always too thin to be tested independently and since 
it is the quality of the facing material which is of chief concern, the 
procedure specified seems to be the best available. The fact that speci- 
mens from well made faced cast stone fail with a typical conical 
break would indicate that the “‘half and half’’ specimen is not unfair. 

It has been the contention of practically everyone who is interested 
in the specification that the present method of testing for absorption 
is inadequate, unfair and productive of incongruous results. At the 
beginning of this year, therefore, the committee had the definite 
purpose of developing a new absorption test. With this goal the com- 
mittee has investigated several possible methods of testing for absorp- 
tion, has discussed the problem from almost every angle, but has 
emerged with more negative than positive results so far as a new 
absorption test is concerned. 

One of the first suggestions made was the possibility of drying the 
specimens at temperatures below the boiling point of water. <A series 
of tests was made at five different temperatures, ranging from 85 to 
175° F. Specimens were all cut from the same block of cast stone, 
but tests were run on them in three different conditions of moisture 
content; i. e., dry, as taken from the yard, damp and saturated. In 
order to make comparison, separate sets of these specimens were dried 
at each of the different temperatures for a period of 24 hours. The 
results obtained were not at all satisfactory. The loss in weight varied, 
of course, with the temperature at which the specimens were dried. 
The percentage of moisture remaining in the “dry” and the “damp” 
specimens after 24 hours drying at 150° F. was the same but it was 
35 per cent less than that in the “saturated” specimens after dry- 
ing 24 hours at 150° F. In no case did the dry weight of the speci- 
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mens become constant until the drying temperature was raised above 
212° F. and it seemed impossible to obtain uniform results which 
were capable of duplication at a temperature below 212° F. 

Another suggestion was the drying of specimens in dry air at room 
temperature. This possibility has already been thoroughly covered by 
P. H. Bates in his discussion ‘“‘Absorption of Concrete Products’’ in 
1929 Proceedings, It was brought out in the discussion that results 
may be obtained when drying at a moderate temperature in dry air 
which are quite similar to those obtained when drying at 212° F. in 
laboratory air. Supplementary tests by the committee have led to 
the same conclusion. 

A third attempt was the drying of the specimens under a bell jar 
in a partial vacuum at a temperature slightly over the boiling point 
of water corresponding to that vacuum. The results obtained by this 
method were parallel to those obtained by drying at 212° F. and 
atmospheric pressure. 

While the above mentioned investigations were strictly limited in 
scope they were sufficient to convince the committee that in spite of 
its severity the present absorption test is not as inadequate as it at 
first seemed. The tests have shown that the ability of the colloidal 
materials in concrete to take on or to retain moisture is affected by 
conditions of humidity and vapor pressure in the same manner as it 
is affected by conditions of temperature. Other developments which 
have changed the attitude of the committee toward the absorption 
test have been the recent investigations on volume change in cement 
products, which is one of the major problems facing the industry 
today. 

It has been pointed out that the total moisture content of the con- 
crete may be indicative of the change in volume which may occur on 
drying. It is also known that the strength and durability of concrete 
are affected by its moisture content. Since the tentative absorption 
test is an indication of the total moisture content and as such is 
useful, the committee has thought it wise to make no changes in 
the method of conducting this test, at least until the current investi- 
gations have been completed. However, inasmuch as it has not been 
possible to discriminate accurately between the moisture held in 
suspension by the colloidal materials in the cement paste but expelled 
upon heating at 212° F. and the moisture which occupies pore space 
in the cast stone under normal conditions, the term “absorption” 
when used in its customary sense is certainly incongruous and not 
at all descriptive of the results of this test. The committee there- 


A. C.1. Proceedings, Vol. 25, p 
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fore wishes to suggest that the phrase ‘‘total moisture content’’ be 
substituted for the term ‘absorption’? whenever it is used in con- 
nection with the present tentative test. 

There has been a great deal of criticism of the lower limit on absorp- 
tion as set out in paragraph 3 of the tentative specification. At the 
time the specification was prepared by Committee P-3, absorptions 
of less than 3 per cent were not being obtained in cast stone except 
through the aid of excessive amounts of waterproofing. Abnormally 
low absorptions so obtained are misleading and one reason for estab- 
lishing a lower limit on absorption was to discourage this practice. 
However, in view of recent developments in manufacturing methods 
which make it possible to produce cast stone showing less than 3 
per cent absorption without the use of waterproofing, the present 
lower limit is unfair to certain manufacturers. The committee 
therefore recommends that paragraph 3 of the tentative specification 
be changed to read as follows: 

At the end of 28 days or less the average moisture content of cast stone when 
saturated shall not be more than 7 per cent of water by dry weight of the specimen 
when tested as 2 by 2 in. cylinders or 2 by 2 in. cubes in the manner hereinafter 
specified. 

It has been pointed out that if capping were to be used in lieu 
of the ground surface, as provided in Article 10, moisture from the 
sapping might be a complicating factor inasmuch as the specimens 
are supposed to be tested dry. To avoid this difficulty the committee 
recommends that the following sentence be added to Section 10, 
Article 2: 

On specimens that are to be capped, all surfaces which are likely to come into 
contact with the capping material shall be shellacked and then allowed to dry be 
fore the capping is applied. 


Readers are referred to the JourNAu for January, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by Dec. 1, 1931. 








THE USE oF CEMENT IN BULK 
Report of Committee 607* 
BY HERBERT COFFMAN, AUTHOR-CHAIRMAN 


UNTIL recent years portland cement was delivered in containers. 
The original package was the barrel and the cloth bag followed and 
was universally used until the appearance of the multi-wall water- 
proof paper bag. Package deliveries are now closely divided between 
paper and cloth. 

During the war, with speed at a premium, several contractors laid 
out concret? plants for handling cement in bulk. 

More recently central plants for the manufacture and sale of 
ready-mixed concrete found bulk handling of cement essential, and 
since 25 such plants in 1925 had become 250 at the end of 1930, bulk 
cement handling has had rapid development. 

Concrete highways have recently taken a large part of the cement 
production and with more attention to the design of the concrete, 
weight measurement has, to a considerable extent, replaced volume 
measurements of the aggregates. The Bureau of Public Roads 
makes weighing all aggregates a standard requirement on Federal 
aid construction. This means central batching plants, and it is only 
another step to install means of handling cement in bulk as an economy 
and time saver. ; 

Weighing operations are quick and accurate. Weighing equipment 
can often be installed under bins already in use, the cost being rela- 
tively small in comparison to the benefits derived. 

Bulk handling of cement makes a more efficient use of paving 
equipment. When all the materials including the cement are meas- 
ured by weight, rather than by the old bag method, it is possible to 
adjust the size of the batch to the exact capacity of the machine. 
This cannot be done under the old method without splitting a sack, 
which of course is not permitted. An increase of a 4% bag batch 

*Presented by Mr. Coffman at the 27th Annual Convention, Milwaukee, Feb. 24-26, 1931 
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per charge, for example, on a 27E paver using a 6 bag batch, means 
the placement of approximately 814 per cent more concrete with the 
same labor and equipment. 

The same economies are obtained in other projects—such as bridges 
and dams. On many large jobs where there were no facilities for receiv- 
ing cement in bulk, it has been found advantageous to dump the bags, 
after their arrival on the job, into bins and pass it through scales in 
order to obtain speed and maximum mixer output as well us greater 
accuracy. 

In addition to the convenience and accuracy of handling cement 
in bulk there is a large saving in its use. 

The net cost of cement is almost universally 10¢ per barrel less than 
when shipped in cloth bags. Where paper bags are used there is a 
further saving of at least 15¢ per barrel. 

Additional savings are: 

(1) Lower direct cost for handling and rehandling the cement. 

(2) No labor required for cleaning, handling and returning empty 
cloth bags. 

(3) No lost or damaged bags. 

(4) No loss on cement damaged by moisture. 

(5) No insurance to pay on stored bags. 

(6) Less money involved in a carload of cement. 

HANDLING CEMENT AT POINT OF MANUFACTURE 

Several methods are used in handling cement at the point of manu- 
facture in addition to the usual belt or screw conveyors and bucket 
elevators. 

Two methods in use in the United States convey cement with air 
in pipe lines—the Fuller-Kinyon System and the F. L. Smith & Co.’s 
method, using the Fluxo pump. 

The Fuller-Kinyon conveying system consists of the Fuller-Kinyon 
pump shown in Fig. 1 and a transport line with distributing valves. 
Fuller-Kinyon pumps are built with capacity ranges of from 60 to 
1,000 bbls. per hour. The pump consists essentially of an impeller 
screw driven through a flexible coupling by an electric motor, or in 
some instances, by a gasoline engine where electric current is not 
available. The impeller screw compacts the cement by the differential 
pitch of the flights and feeds it through a dead area or “‘seal’’into the 
aerating zone. At this point a relatively small quantity of compressed 
air is introduced through many small orifices around the periphery of 
the pump barrel. These small air jets aerate the cement, converting 
it into a fluid mass, in which condition it is then conveyed through 
pipe lines by the combined action of the impeller screw introducing 2 
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Fic. 1—Pump FOR FULLER-KINYON BULK CEMENT CONVEYING SYSTEM 


constantly new mass of material, and by the natural expansion of the 
aerating medium. The system has only one moving part and due to 
the relatively small quantities of compressed air used, the pipe line 
velocities are low, thereby insuring long pipe wear and eliminating the 
necessity of dust collectors at the discharge end. Pipe lines may be 
discharged into any number of bins by a system of distributing valves 
and transport lines may be run in practically any direction irrespective 
of intervening obstacles. 

A recent adaptation of this method has been employed in the design 
of a portable, car-unloading pump, based on the same fundamental 
principles as the stationary Fuller-Kinyon pump. This is later des- 
cribed in greater detail. 

The Fluxo pump, shown in Figs. 2 and 3, has a capacity of about 
270 bbl. per hour when used with a 5 in. transport line. Fig 2 is a 
side view showing the electro-control panel with indicator lights; 
Fig. 3 an end view as installed at the plant of the Olympic Portland 
Cement Co., Bellingham, Wash., with flexible hose connections to 
the silo bottoms. 

The machine is mounted on a carriage, allowing the pump to move 
back and forth on tracks, to permit connections to various points 
from which cement is to be drawn. 

Operation is in alternately subjecting the tanks to vacuum and 
pressure. While the cement is being drawn into one tank by suction, 
it is being expelled from the other by compressed air. The cycle of 
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Fic. 2—SIDE VIEW FLUXO BULK CEMENT PUMP WITH ELECTRO-CONTROL 
PANEL AND INDICATOR LIGHTS 

Fic. 3—END VIEW FLUXO PUMP AT OLYMPIC PORTLAND CEMENT CO. 
PLANT, BELLINGHAM, WASH. 
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operation is then reversed and the tank previously under vacuum is 
placed under pressure, the pressure tank under vacuum. This is 
automatic once the machine is started. Comparatively low pressure 
airis used. A compressor and a vacuum pump with filter are required. 

A new method for reclaiming cement from storage silos has recently 
been developed, using the patented Leathem D. Smith tunnel scraper 
system, now installed in several of the self-unloading boats trans- 
porting cement in bulk. The scraper operates in a tunnel where the 
flow of the cement is controlled by doors which prevent flooding. It 
is crescent shaped, open top and bottom and drags the cement up 
an incline into a hopper. 

A packing machine or a Fuller-Kinyon pump is placed under the 
hopper, and, in the case of the boats, the cement is pumped to storage 
silos on the dock. 

At the apex of the tunnel a trolley operates on an I-beam through 
which the back-haul cables are reeved. These in turn, raise the rear 
end of the seraper for the back-haul to cause it to be returned through 
the tunnel over the top of the material. A 4-yd. scraper has a rated 
rapacity of 1000 bbls. per hour. All equipment is electrically driven. 

TRANSPORTATION 

Cement in bulk is delivered by truck, rail and water, or by a com- 
bination of the last two. 
Trucks 

When it is possible to obtain the cement at the point of manufac- 
ture and the length of the haul is not prohibitory, truck hauling has 
been economical. Frequently, ordinary flat bottom trucks are used 
with canvas cover for protection. A fleet of trucks equipped with 
special closed bodies (wood sides and hinged metal tops) holding from 
35-42 bbls. each, was usedin the construction of the Columbia- Wrights- 
ville bridge in Pennsylvania in 1930. Fig. 4 shows a truck with an 
all-steel body built for handling bulk cement. 

Rail 


Gondola cars have been tried, using heavy tarpaulins for protec- 
tion, but have not been satisfactory. Tarpaulins have been destroyed 
by sparks from the locomotive or have been stolen, and there were no 
means of regulating the rate of discharge of the cement from these 
cars. 

The most common method of rail shipment isin box ears. The doors 
are boarded up and the cement is either pumped or fed in by gravity. 

Some cement companies own their own box cars or have cars 
assigned them for this service. Such cars must be kept in good condi- 
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ic. 4—TrUcK WITH ALL-STEEL BODY BUILT TO HANDLE BULK CEMEN1 


tion so that there is no loss of cement in transportation. An eastern 
cement company has in service a fleet of patented, self-unloading, 
all-steel cars. The N. Y. Central Lines are handling bulk cement in 
specially designed containers and cars covered by patents of the L. C 
L.. Corporation, and constructed and operated under its license. 

W ater 

The last two years have been notable for the increase in the number 
of new boats put in operation for handling cement in bulk.  Self- 
unloading boats are now being used on the Mississippi River, the St. 
Lawrence River, the Great Lakes, Atlantic Coast and Cuba. 

The Marquette Cement Manufacturing Co. has a fleet of cement 
barges operating on the Mississippi River delivering cement from its 
mill at Cape Girardeau, Mo., to storage and packing plants at Mem- 
phis, Tenn., and St. Louis, Mo. These barges have a capacity of 800 
tons, and are towed to destination. They are unloaded by a system 
of serew conveyors which delivers the cement to a Fuller-Kinyon pump 
and discharged through a pipe line to the silos on shore. Electric 
power for the motors and compressed air for the pump are obtained 
from shore lines. 

The International Cement Corp., was the first on the Atlantic 


Coast to haul cement in bulk, in an all-steel self-unloading vessel 
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Fig. 5 shows the Str. Holger Struckman, property of the Lone Star 
Cement Co., Virginia, Inc. It is 210 ft. long, 34 ft. beam and 15 ft.- 
6 in. draft, with a dead load capacity of 1370 tons. It is self-unloading. 

In April, 1930, the all-steel carfloat of the Hercules Cement Corp. 
was put in service in New York Harbor. It handles eight of the 
company’s patented self-unloading cars at one time, 3500 bbls. con- 
stituting a cargo. The float is towed to the delivery point, (Fig. 6) 
and is self-unloading. A system of screw conveyors delivers the cement 
to a Fuller-Kinyon pump discharging through a pipe line to shore 
storage. 

All the power required is generated by a Diesel driven generator in 
the hold of the float. The entire cargo is unloaded in 16 hours. 





hig, 5 —SrrR. HOLGER STRU¢ KMAN, ALL STEEL, SELF UNLOADING FOR BULK 
CEMENT CARGOES 


Fic. 6 —STEBL CAR FLOAT HANDLING BULK CEMENT IN NEW YORK HARBOR 
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Fic. 7—STEEL CEMENT BINS OF CENTRAL CONCRETE MIXING CORP. 














Fic. 8—StTR. CEMENTKARRIER OF CANADA CEMENT TRANSPORT CO. 
Fic. 9—BARGE FOR HANDLING CEMENT IN BULK 
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Fig. 7 shows the arrangement of the steel bins of the Central Con- 
crete Mixing Corp., for receiving cement in bulk. 

The Str. Cementkarrier, built for the Canada Cement Transport 
Co., Ltd. of Montreal was delivered in August, 1930 (Fig. 8). The 
vessel is Diesel electrically propelled; is self-discharging; equipped 
with the Leathem D. Smith patented tunnel scraper system, and a 
10-in Fuller-Kinyon pump. The vessel is 258 ft. Jong, 43 ft-2 in. beam, 
and has a net tonnage of 1127. 

November 15, 1930, the Universal Atlas Cement Co’s barge was 
launched. It is a tow barge having a similar equipment to the Cement- 
karrier, but obtains its power from the dock. Its capacity is 9,500 
bbls. (Fig. 9). 

All of the cement for the Merchandise Mart in Chicago, the largest 
building of its kind in the world, was delivered in bulk. The steel] 
boat Daniel McCool, owned and operated by the Manitowoc Portland 
Cement Co. delivered the cement for 452 caissons which was pumped 
a distance of 135 ft. horizontally, and 75 ft. vertically into a 5,000 
bbl. storage bin over the concrete mixing plant. The cement for the 
building itself was shipped in box cars and unloaded by means of 
power Scoops. 

HANDLING CEMENT AT DESTINATION 
Truck Delivery 


Common practice is for trucks to discharge into the boot of a bucket 
elevator, whence it goes into a storage bin over the cement scales. 
If a crane only is available the cement may be dumped into a box on 
the ground and handled by a clamshell bucket. 

A typical installation for handling cement in bulk for road work is 
shown in Fig. 10. The receiving hopper into which the truck is dis- 
charged is sufficient in size to accommodate somewhat more than a 
truckload of cement. The bin over the weighing scales holds approxi- 
mately 232 bbls. This layout is for paving work where the materials 
are delivered in batcher trucks, and is so built that it is readily dis- 
mantled and moved to another job. 

Box Car Delivery 


Box cars are unloaded by manual labor or by means of a mechanical 
device. In highway construction where batch trucks are used, the 
cement is frequently loaded by hand into two-wheeled carts, and 
passed over a platform scale. 

Vig. 11 shows one of the first installations using this method, still 
in general use. 
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One of the latest batching plants in the Middle West is shown in 
Fig. 12. Three sizes of coarse aggregate are used. The center bin has 
114 in. to 2% in. stone in one compartment and % in. to 11% in. in 
the other. The bin on the right has '4 in. to % in. stone and sand. 
One crane services both bins from the stockpiles. On the left is the 
cement bin. The batching procedure begins with the center bin, 
followed by stone and then sand from the bin on the right side and 
last the cement. Less than five minutes is required to batch a three 
compartment truck. 





hic. 10—TypicAL EQUIPMENT FOR HANDLING BULK CEMENT ON 
ROAD WORK 


Where topographical conditions on a paving project are favorable, 
industrial railroad equipment oftentimes is used in place of trucks. 

A typical unloading system for handling cement in bulk from box 
cars to silos by means of a power shovel is shown in Fig. 13. The 
approximate unloading capacity of a single automatic shovel is from 
50 to 75 bbls. per hour, or a double shovel can be used which provides 
twice this capacity. A power shovel with the proper unloading hopper 
may be used for pump systems as well as mechanical ones. 

A ready-mix concrete plant is shown in Fig. 14, where the cement is 
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unloaded from box cars by means of a power shovel. In this figure 
the cement receiving hopper is shown folded back against the vertical 
bucket elevator to provide clearance for car movement. When the 
car of cement is in place the hopper is folded over so that the top of 
it comes even with the car floor at the door. 

The elevator conveys the cement into the circular steel bin. Sus- 
pended from this bin is a weighing batcher and the weighed cement is 





ia. 11-—-BULK CEMENT SHOVELED INTO CARTS 


hic. 12—-MoOpERN BATCHING PLANT, SHEBOYGAN COUNTY, WISCONSIN 


carried on a short. belt conveyor to the receiving hopper of the con- 
crete mixer. As it is frequently necessary to handle more than one 
brand of cement the storage bin can be divided into compartments. 
In one such installation the bucket elevator is arranged for discharge 
through cylindrical pipe chutes into any one of four divisions, having a 
total capacity of 2,000 bbl. 

Fig. 15 shows the Fuller-Kinyon Type A hand propelled unloading 
pump, previously referred to. It was used on a highway construction 
job in Pennsylvania. 

This machine, built in two sizes, one as illustrated, and another 
larger, equipped with power drive, is designed to go directly into the 
pile of cement, collecting the cement from the floor, and through the 
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kia. 14-—-READY-MIX PLANT TAKES CEMENT IN BULK FROM BOX CARS 


same principles as a Fuller-Kinyon pump, transporting it through 
pipe lines to cement storage, or any one of several batching or mixing 
bins. The hand propelled machine has a rated capacity of approxi- 
mately 90 bbls. per hour; the larger machine a maximum of 175 bbls. 
per hour for short distances, that is, 100 ft. or less. The larger machine 
is capable of transporting cement as far as 250 ft. at a slightly reduced 
‘apacity. The manipulation of two levers extending from the handle- 
bar operate two driving wheels independently forward or backward 
by a slight pressure exerted on the levers. 

A bucket loader designed primarily for unloading bulk cement 
from box cars into buggies, is shown in Fig. 16. It has a capacity of 
14-yd. per minute. A canvas sleeve as a discharge spout, conveys the 
cement direct from the bucket line, which is housed, to the buggy or 
wheelbarrow. 

Containers 

Bulk cement, sand and gravel were handled in containers in building 
the wheat silos for the National Biscuit Co. at Toledo, Ohio. Fig. 17 
shows the method of handling the containers. 
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Fic. 15—HAND PROPELLED BULK CEMENT UNLOADING PUMP 


¥ic. 16—BUCKET LOADER DESIGNED TO TAKE CEMENT FROM BOX CARS 
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Fic. 17—HANDLING CONTAINERS 


The batching plant of Clements & Orr Co. at Hebron, O., used in 
the construction of a section of a Federal Aid paving project on Route 
40, is shown in Fig. 18. All the materials were handled in N. Y.C. 
Railroad containers. The cement boxes were built of steel, weighing 
2800 lb. and had a capacity of 12,000 lbs. or 32 bbls. of cement. Ten 
containers constituted a carload. Two Speed Crane tractors handled 
all the materials, one tractor taking care of the gravel, while the other 
handled the cement and sand. In the picture the cement container 
is in position ready to discharge intothe cement bin. It is dumped by 
releasing the saddle chains allowing the hinged bottom of the container 
to open. The roof of the bin temporarily rests on the cement batch- 
ing building and is replaced by the crane at the end of the day. 


Fig. 19 shows how the cement was handled in two-wheeled carts 
loaded from the cement bin and then passed over an ordinary platform 
scale. As the empty carts are all of one weight, the scale beam can 
be set at one position. The operators soon become efficient so that it 
rarely requires more than one scoopful of cement to balance the load. 
The carts are then pushed over a steel frame which contains three 


movable hoppers, and are latched in position during the interval 
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Fic. 18—HANDLING CEMENT AND AGGREGATES IN CONTAINERS ON 
FEDERAL AID ROAD JOB IN OHIO 


Fic. 19—-CEMENT CARTS AS USED AT PLANT SHOWN IN FG. 18 
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Fic. 20 3ATCHER TRUCK DISCHARGING AT PAVER 


between arrivals of the trucks. As soon as the truck is in position 
under the platform, the carts and hoppers moving as a unit are spotted 
over the cement boxes on the truck, the revolving drums of the carts 
are turned over and the loading is completed. 

The cement boxes are built of steel and turn completely over to 
discharge the cement. No gates are required and they are watertight. 
Fig. 20 shows a bateher truck discharging at the paver. Two batches 
have been unloaded. 

Another type of cement box is shown in Fig. 21. This container is 
rigid and is fitted with a hinged cover. It tapers outward from the 
top in all directions, being larger at the bottom. When the truck body 
is elevated, the door, which extends the entire width of the container, 
opens and the cement discharges with the aggregates. 

Special All-Steel Cement Cars 


A special patented steel car of the Hercules Cement Corp. discharges 
by gravity. Hoppers or gates on the sides of the car can be connected 
to screw conveyors by water-proofed canvas spouts. 

To loosen up or ‘float’? the cement, so that it flows readily, com- 
pressed air ports are provided at the several gates. One man can 
unload a ear of 435 bbls. of cement in from two to four hours depend- 
ing upon the size of the screw conveyors. Instead of using an elevator 
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Fic, 21—CEMENT BOX WHICH DISCHARGES WITH THE AGGREGATES 





Kia. 22-—PUMPING CEMENT 768 FT. TO ROAD JOB STORAGE BIN ACROSS 
ALLEGHENY RIVER 
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for handling the cement, a Fuller-Kinyon pump may be placed at the 
discharge end of the cross conveyor. 

Fig. 22 shows cars from which cement was pumped 768 ft. across 
the Allegheny river to a storage bin on 2 Pennsylvania State Highway 
job. 

The Holly System 

The Holly Pneumatic Systems, Ine. installed its method last year 
at the plant of the Carleton Co., Ine., New York City. Fig. 23 out- 
lines the arrangement for receiving and handling cement in bulk. 

Cement arrives in barges either at the side or the end of the dock. 
A suction nozzle is attached to one end of the flexible hose and the 
other end is connected to a rigid conveyor pipe which runs along the 
ground near the end of the dock. Service valves permit easy attach- 
ment. 

Cement entering the suction nozzle in the boat is drawn through 
the flexible hose and conveyor pipe into the filter recipient. The 
discharger on the bottom of the filter recipient continuously ejects 
cement, which drops directly into the cement storage bin. Cloth bags 
in the filter recipient collect dust before the air passes out through 
the top of the vacuum pump, which is on the ground. 

Cloth bags in the filter recipient are automatically cleaned every 
few minutes without disturbing the operation in any way, the collected 
dust being discharged with the bulk of the material 


NOTABLE EXAMPLES OF BULK CEMENT USI 


Attention is directed to two specific instances of the use of bulk 
cement, first, Highway Work in the Middle West, and second, the 
Boulder Canyon Project. 

About six years ago in the Middle West, the use of cement in bulk 
on concrete paving work was nil. Since that time, and especially 
since 1928, its use in this work has spread rapidly among those states 
in this seetion with large concrete paving programs; only a few now 
use sucked cement 

Arkansas, Jowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, 
Oklahoma, Wisconsin, and parts of Texas, are using bulk cement on 
most of their work. These States have found, first, that it is more 
economical than bag cement: (the average saving is 11 cents per 
barrel), second, it simplifies the work and eliminates waste. 

This rapid increase was brought about chiefly when weight propor- 
tioning began. Keonomy, elimination of waste, and simplification of 
handling appeared and became known only after bulk cement had 


been used, for a season or more, 
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The Boulder Canyon project, according to the Bureau of Reclama- 
tion, will require about 5,500,000 barrels of cement for the dam, 
power plant and appurtenant works alone. This is more cement than 
this Bureau has used in 26 years of construction activities 

The All-American canal itself will require as much cement as the 
dam and power plant. 

The specifications provide that portland cement will be delivered 
to the contractor in carload lots in bulk, “provided, that at the request 
of the contractor, cement for grout, gunite and isolated minor items 
of concrete work, as determined by the contracting officer, will be 
furnished in sacks.”’ 


CONCLUSION 


Competition in concrete construction today is keener than ever 
It demands quality, reduced costs and speed. All three can be obtained 
with better materials, modern equipment and improved methods. 

In practically all cases, the use of cement in bulk must be used to 
obtain speed and lower costs. . 

The handling of cement in cloth or paper is expensive and amounts 
to from 6 to 10¢ or more per bbl. This added to the 10¢ more favorable 
cost of cement in bulk, rapidly mounts to a large figure in a job of any 
SIZe 

Mquipment is being standardized to handle cement in bulk.  Fre- 
quently it is possible by making slight changes in old equipment to 
bring it up to date. 

Shipments of cement in bulk are increasing rapidly and it is esti- 
mated that more than 50 per cent of the total will be handled in this 
manner within the next few years 
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DETERMINING CHARACTERISTICS OF CONCRETE IN THE 
MIxER Drum* 


BY EMORY D. ROBERTS f 


INTRODUCTION 


AFTER LISTENING to the lengthy debate of yesterday on ‘‘work- 
ability of concrete,’ I wish to preface my remarks with the 
statement that I am not a party to that controversy. I shall use the 
term workability in the practical sense which, after all, is a function of 
the labor required to place a given concrete in a given place with the 
least amount of work and at the same time produce a strong tough 
concrete that is highly impermeable and durable. I shall be criticized 
for an apparent loose interchange of the terms workability and con- 
sistency. This is necessary due to the word limit placed upon the 
paper. If I had been allowed the proper space, I would have quoted 
the definitions of F. R. McMillan which, to my mind, define these 
terms and their necessary interrelations. So, if you gain the im- 
pression that I use one term where I should have used the other, please 
remember that both are essential and interrelated where concrete of 
uniform quality is produced. 


WORKABILITY 

Regardless of the amount of care used in the selection of the aggre- 
gates and the time and thought given to their proper proportioning, 
the concrete produced will not be satisfactory unless it is workable. 
Consequently, workability is a measure of the quality of the concrete. 

Workability is affected by the angularity of the particles, their 
gradation from fine to coarse, the lubricant between the particles, and 
the amount and manner of mixing. The lubricant in concrete is made 
up of the cement water paste, but may be, in parts of the batch, the 
cement water paste and sand. Although all of the constituents may 
be present in the proper proportions, the concrete will not become 
workable without a proper mixing. 

*Presented at 27th Annual Convention, Milwaukee, Wis., February 24-26, 1931. 

tProfessor of Civil Engineering, Marquette University, Milwaukee, Wis 
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Consistency and plasticity, respectively, relate to the character of 
the mix with respect to its fluidity and the ease with which the concrete 
can be molded. 

Consistency, plasticity, and workability are interconnected and are 
essential to the production of good concrete. A proper consistency, 
mass-water ratio, will produce a concrete of the desired workability, 
provided it is mixed properly. 

Various attempts have been made to determine the workability of 
the concrete, the flow table or the slump cone being used when an index 
of this necessary characteristic of good conerete is desired. Un- 
fortunately, these measurements are made after the concrete has been 
discharged from the drum of the mixer and it is not practical to correct 
any apparent irregularities in the batch which had been so measured. 
Consequently, there is a demand for some means of measuring the 
workability of the concrete while it is being mixed in the mixer drum. 

During the winter of 1929-1930, E. C. Shuman made a series of tests 
of various types of mechanisms designed to show the consistency of 
the concrete while it was still in the mixer drum. Various mechanisms 
were placed in a Koehring 5S Dandie mixer and operated with the 
standard charge for this mixer, using 1:144:2, 1:2:3, and 1:3:5 mixes 
mixed for three minutes. A continuous graphic recorde* was used to 
register the pressures exerted by the concrete on the mechanism in the 
mixer drum. The results obtained convinced him that he had obtained 
a measure of the workability of the concrete during the time of mixing 
and that further tests should be made with an apparatus designed for 
a 27 cubic foot mixer and operated in conjunction with a regular paving 
operation to determine whether such an apparatus would have a 
practical application or not. 

Based upon the knowledge gained during Mr. Shuman’s tests, a 
mechanism, called a consistency indicator, was designed to indicate 
the relative pressures exerted on a bar by the conerete as it was being 
mixed in the mixer drum. An oil gauge, registering pressures from 
zero to 30 lb., gave an index of the pressure on the bar. The pressure 
was transmitted through a lever system to an oil bellows, the details 
of which are shown in Fig. 1 and 2. 

Fig. 1 is a view of the indicator part of the apparatus. Pressures 
existing in the oil line are shown on the gauge which is mounted on the 
drum guard so that the paver operator may read them without 
changing his position. The oil line is provided with two valves, the 
one at the left for shutting off the oil entirely or throttling down the 
passage of oil so that the indicator hand will not vibrate rapidly, while 
the one at the right provides for the replenishment of oil that may 




















Determining Characteristics of Concrete in the Mixer Drum 61 


have escaped from the oil bellows or line. Fig. 2 shows the various 
parts of the consistency indicator. Two bars, held by hinged supports, 
placed near the front and upper edge of the drum, are inserted into the 
drum through two slots cut in the swing chute. A curved bar, % in. 
wide by 17 in. long, is placed across the ends of the two bars mentioned 





Fic. 1—THE CONSISTENCY INDICATOR 
The oil pressure is brought to the gauge by means of the flexible tubing shown 
coming in from the left and may be shut off or dampened by means of the valve shown 
at the left. An oil reservoir shown at right top, furnishes additional oil for the 
pressure system by opening the valve at the right and operating the pump which is 
part of the reservoir system. The oil gauge is attached to the guard over the mixer 
drum adjacent to the paver operator’s position. 


MECHANISM OUT OF DRUM 
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above. Material falling upon the cross bar causes the bar to try to 
rotate downward and outward about the axis of the two supporting 
bars. A conveniently placed oil bellows prevents such a rotation and 
at the same time provides a means for evaluating the pressures exerted 
upon the cross bar by the concrete materials as they fall from the pick 
up buckets during the operation of mixing. The oil bellows is con- 
nected to the oil gauge by a flexible oil line. The oil bellows is assisted 
in supporting the rotating bars by a weight operating through a lever 
system which dampens the pressures actually exerted so that they may 
be registered on a low pressure oil gauge. To eliminate interference 
with the discharge of the concrete from the mixer drum, a lever system 
operated by the power discharge withdraws the bars from the mixer 
drum during the discharge period. 


TABLE | 
Proportions of Materials in Batches 

Batch Coarse Aggregates 

Size Cement Water Sand 4 in.,~% in. &% in.,-1% in. 14% in.,-2' in 
(cu. ft.) (Ib.) (Ib.) (Ib.) (Ib.) (Ib.) Ib.) 

27 470 250 1458 721 604 SSS 

30 522 277 1620 801 670 981 

33 574 305 1782 S81 738 1079 

35 609 323 1890 935 783 1145 


The apparatus was attached to a 27E-2A model Koehring paver in 
use by Chris Johnson & Son on a paving contract in Sheboygan County 
to which T. C. Thee of the Division of Management of the U. 8. 
Bureau of Public Roads had assigned F. C. Turner for special time 
studies and tests on concrete as produced under the working conditions 
and the special design and control of Geo. Langley, engineer for the 
Highway Commission of Sheboygan County. 

Local, well graded sand and gravel were used throughout all of the 
tests. Three sizes of coarse aggregates, 24% in. maximum, were re- 
combined with sand to produce a dense concrete of great strength and 
density. One and one quarter barrels of cement was fixed as the cement 
content per cubic yard of conerete produced. The proportions used 
in the various sized batches used throughout the tests are shown in 
Table 1. The 33-cu. ft. batch, mixed for one minute after the skip 
reached the vertical, was used throughout the first series of tests con- 
ducted on August 26th. 

It was found that, for a normal batch, the pressures shown on the 
oil gauge would rise rapidly to a maximum and remain there until the 
batch was discharged. 

The following changes were made in the water proportion of the 
batch-to determine their effect upon the indicated pressures: 

1. The water content was reduced below normal for regular and 
extra mixing times. 
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2. An excess of water was added at the start of the mixing time. 
One minute and longer were used for mixing periods. 

3. Mixing was started with a shortage of water in the batch. 
Varying amounts of water were added at various times throughout the 
time of mixing. 


4. Water was added to batches which had the proper amount of 
water at the start and which had shown the normal trend up to the 
time that the additional water was added. 

Observations were made of the pressures indicated by the oil gauge 
at each 5-second interval after the skip reached the vertical position. 
A notation was made of the character of the concrete produced in each 
batch for which the indicator pressure readings were taken 

The data were segregated into the following groups: normal batches, 
wet batches, normal batches to which water had been added during 
the mixing period, and dry batches to which water had been added 
after the indicated pressures had reached a maximum. 

Consistency indicator readings in pounds were plotted against time 
in seconds. Studies made of the data and curves, including Fig. 3 to 5, 
were responsible for drawing the following conclusions: 

1. When the batch contains the proper amount of water to produce a concrete of 
normal consistency, the pressure will rise to a maximum in from 30 to 45 seconds after 
the skip has reached the vertical position and will remain at that maximum until the 
batch is discharged. 

2. When the batch does not have enough water to produce a concrete of normal! 
consistency, the pressure will rise to a maximum considerably below that of No. 1 
and remain at that point until the batch is discharged. 

3. When the batch contains an excess of the required amount of water, the pressure 
will rise rapidly to the maximum of No. 1 and drop suddenly to a point considerably 
below the maximum and will remain at that point for the remainder of the mixing 
operation. ; 

4. The addition of the shortage of water to a batch started as in No. 2, will cause 
the pressure to rise rapidly, from the maximum previously reached, to the maximum 
of No. 1. The pressure will then remain at the second maximum until the batch is 
discharged. 

5. The addition of water to a normal batch, after the pressure has reached the 
maximum, will cause the pressure to drop to a minimum where it will remain through- 
out the remainder of the mixing period. 

6. The addition of an excess of water, started as in No. 2, will cause the pressure 
to rise rapidly to the maximum of No. 1, drop suddenly to a minimum, and remain 
at that point until the batch is discharged from the mixer drum. 

7. The same pressures are shown at the end of the mixing period for extra wet and 
extra dry batches, but the extra wet one will have a maximum pressure well above the 
final. 

8. Mixing times, greater than one minute, have very little effect on the indicated 
pressures. 
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9. The change in indicator pressure readings occurs about five seconds after the 
additional charge of water is added to a batch which has reached a state of equili- 
brium, as shown by the consistency indicator readings. 

As the test progressed, a slight lowering of the pressures was noted 
which was caused by a slight leakage of oil from the oil line of the 
pressure indicator. However, a study of the curves indicated a 
definite trend for batches of similar water content and workability. 
It was necessary to throw out a few of the readings due to rocks wedging 
the indicator bar supports so that a zero pressure was shown on the 
indicator. Later experience showed this interference to be less than 
10 per cent of the total. 


The possibilities suggested by a careful study of the results obtained 
from the prelimnary tests of the consistency indicator on August 26 
were responsible for the decision to conduct further and more com- 
prehensive tests. Arrangements were made with Messrs. Thee and 
Turner, of the U. S. Bureau of Public Roads, to co-operate in con- 
ducting a series of test runs, the object of which was to determine the 
relationship between the consistency indicator readings and other 
functions of the mixing operation for 27, 30, 33 and 35 cu. ft. batches. 
Mr. Thee was to appraise the concrete when discharged to the grade 
as to its wetness, dryness, etc., and to determine the time required for 
discharging the batch from the mixer to the distributing bucket. Mr. 
Turner was to determine the time required for the concrete materials 
to enter the mixer drum, for the materials to become wet through, and 
for the batch to appear to flow uniformly in the mixer drum. The 
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writer was to record the pressures indicated by the oil gauge at the 
time that the skip reached the vertical position and at 5-second inter- 
vals throughout the time that the concrete was being mixed. 


Test runs were made on the 27, 30 and 33 cu. ft. batch size on August 
28. Each test run consisted of 40 batches taken in order as they were 
mixed by the paver during the regular paving operation of the con- 
tractor. The aggregates were proportioned as shown in Table 1. No 
change was made in the water content during a test run which accounts 
for the variation of the concrete from dry to wet and vice versa, A 
similar test run was made on August 29 on 40 consecutive batches of 
the 35 cu. ft. size. 


Various studies were prepared of the data secured in these tests. 
Curves were plotted, as shown in Fig. 7 to 9, for each batch showing 
consistency indicator readings as ordinates and time in seconds as 
abscissa. Notations were made on these curves of the time required 
for the completion of each of the functions of the paving operation 
that had been timed during the series of tests. Average, maximum, 
and minimum consistency indicator pressures were obtained and 
tabulated for each 5-second interval of the mixing period for each of 
the 4 batch sizes used in the tests. These results were plotted as 
curves, including Fig. 10 and 11, for study in connection with the 
maximum, minimum, and average times noted for the entry of water 
and materials into the drum, the wetting of the materials, and the time 
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when the batch appeared to flow uniformly in the mixer drum. <A 
final graph, Fig. 12, was prepared which consolidated all of the results 
obtained. This last graph brought out the fact that there is a relation- 
ship between the time when the concrete appeared to flow uniformly 
in the mixer and the time when the pressure curve of the consistency 
indicator ceased to rise steeply and flattened out. It also showed that 
the time of visual uniformity of the concrete and the flattening of the 
indicator curve came later in the mixing operation for each size batch, 
the increase in time being in proportion to the increase in batch size. 

After a review of all the data and graphs, it was apparent that the 
following conclusions were warranted: 

1. That the batch appears to flow uniformly in the mixer drum a few seconds 


after the materials have been wet through. 
2. That it requires longer for dry batches to appear to flow uniformly in the mixer 
drum than those of normal workability or those that are too wet for the production 
of quality concrete. 
3. That there is a relationship between the time when the mass appears to flow 
uniformly in the mixer drum and the time when the curve representing the indicated 
pressures flattens out. 
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4. That, with an increase in the batch size, there is a proportional lengthening of 
the time required for the consistency indicator curve to flatten out. 

5. That, for batches of like workability, an increase in batch size resulted in an 
increase in the indicated pressures, the trend being the same, regardless of the change 
in volume. 

6. That the consistency indicator reflects the transformation of the aggregates 
into a smoothly flowing concrete. 

a. For batches of normal workability, the pressures shown by the indicator rise 
rapidly until the mass is flowing uniformly in the mixer drum after which 
there is little change in the indicated pressures. 

b. For wet batches, the pressures rise rapidly to a maximum and drop suddenls 
to a minimum after which continued mixing does not materially alter the 
indicated pressures. 

c. For dry batches, the indicator pressures rise gradually to a maximum, well 
below that attained for normal batches, and remain at that point throughout 
the remainder of the mixing period. 

d. After having reached a state of equilibrium, wet and dry batches register the 
same pressures on the indicator. However, the wet batches will register 
pressures that rose well above those for the dry batches thereby enabling an 
observer to differentiate between the wet and dry batches while they are 
being mixed in the mixer drum 
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7. That the consistency indicator is very sensitive to changes which take place in 
the drum of the mixer. The addition of water to a batch that has reached a state of 
equilibrium results in a marked change in the pressures indicated; the changes take 
place in from 5 to 7 seconds after the water valve is opened. 

8. That a consistency indicator, equipped with a recording chart, will supplement 
the present batchmeter by furnishing a record of the time that the concrete is mixed 
as well as a chart showing the workability produced in the concrete and by enabling 
the paver operator to add water to batches that would otherwise be too dry. 

9. That the use of the consistency (workability) indicator will provide a means 
to secure greater uniformity in concrete both as to workability and quality. 


DISCUSSION 


In the later series of tests made of the consistency indicator, varia- 
tions were noted in the time required for the materials to become wet 
and in the time required for the batch to appear to flow uniformly in 
the mixer drum. Batches lacking sufficient water to produce normal 
workability required more time for the materials to enter the mixer 
drum and to attain uniformity than the time required for normal or 
wet batches to do likewise. 

The maximum pressure was reached by the consistency indicator 
within a few seconds of the time required for the batch to appear to 
flow uniformly in the mixer drum. This relationship suggests a great 
many possibilities for use of the consistency indicator. For, by 
equipping the indicator with a recording gauge, the paver operator 
will be able to tell at a glance whether the batch has reached uni- 
formity or not; if the curve shows that the batch contains insufficient 
water, he may make the correction at once, thereby enabling the 
operator to produce a concrete of greater uniformity and of the desired 
workability. It is also possible that the consistency indicator may be 
used to regulate the water content of the batch—and why not? If so, 
it would be possible to produce a concrete that would not vary in work- 
ability regardless of the change in water content carried by the ag- 
gregates. 

It was noted that the consistency indicator reflected changes that 
took place in the drum. The addition of water, after the consistency 
indicator showed that the batch had reached a state of equilibrium, 
resulted in an immediate change in the pressure readings, generally 
within 5 seconds. The batchmeters manufactured for use on concrete 
mixers may be equipped with a warning bell which would call the 
paver operator’s attention to the graph of the consistency indicator 
thereby enabling him to add water to those batches that had not 
reached the free flowing uniform state that batches of normal work- 
ability show by that time. This addition of water, 10 or 15 seconds 
before the end of the prescribed mixing period, will convert an other- 
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wise dry batch into one of normal workability. Thus the adoption of 
an improved consistency indicator for concreting operations will result 
in greater uniformity of the concrete produced and furnish a record of 
the mixing time given to each batch as well as the performance of the 
indicator to record the workability produced in the concrete. 

Due to the fact that there is a relationship between the time that the 
materials reach a free flowing state in the mixer drum and the pro- 
nounced change in the slope of the consistency indicator pressure 
curve, it is evident that we have reflected a measure of the workability 
of the concrete while it is being mixed in the mixer drum. 

It is hoped that it will be possible to make further tests of the con- 
sistency (workability) indicator in 1931 on jobs located in various parts 
of the country so as to obtain the experience furnished by the working 
conditions imposed by a great variety of aggregates brought together 
in the varied proportions, mixing times, and conditions required by 
the various states and municipalities. 

CONVENTION DISCUSSION 

Sam SHAFER—I would like to sav a word with regard to Professor 
Roberts’ very interesting and instructive paper. The consistency 
meter, as Professor Roberts calls it, is now in the experimental state. 
However on the west coast at the present time there are seven central 
commercial plants that are using an apparatus very similar and prac- 
tically the same in principle as described by Professor Roberts. 

At these plants, in the consistency meter, or as it is called out there, 
mixometer, a truncated cone is placed in the discharge end of the 
mixer drum and concrete picked up by the discharge buckets of the 
mixer is dropped into this truncated cone. The speed at which the 
concrete passes through the cone, compared to the speed with which 
it is discharged by the buckets into the cone, gives an indication of 
the consistency of the concrete, which is indicated and recorded by a 
recording gauge. The first of these plants, equipped with a l-yd. 
mixer, was placed in operation in 1928. Since that time six additional 
plants equipped with 2-yd. mixers have been placed in operation. 
All of these plants sell concrete upon a consistency basis, that is to 
say, customers specify the consistency of concrete they want. 

From experience with these consistency meters, the following has 
been observed: 

1. The batch does not appear to flow uniformly in the mixer drum 
until after the act of mixing has been accomplished; this indicates the 
proper mixing time for any particular mix. 

2. The size of the batch within reasonable limits does not affect 
the indication of the consistency meter gauge. 
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3. The consistency meter gauge indication rises rapidly as the raw, 
| unmixed materials go through the truncated cone and settles back 
) fairly rapidly as a mixed condition is approached, to a point of slight 
fluctuation when the mixing is accomplished. This point is higher or 
lower on the gauge according to the consistency of the concrete. 

4. With wet batches the gauge indicator does not rise as rapidly, 
nor as high as for dry batches due to the better flowability of the mix. 

5. With dry batches, or dry consistency, the consistency gauge 
indicator rises rapidly to a high point and settles fairly slowly to a 
point of slight fluetuation, which indicates the completion of the 
mixing operation, 


Readers are referred to JourNaAu for January, 1932, for discussion which may develop 
Such discussion should reach the Secretary by Dec. 1, 1931. 








————— 
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“Basis OF DESIGN FOR HURRICANE ExposuRe’’* 


BY ALBERT SMITHT 


WHEN THE report of Committee 308 was first written, I did not 
think that it would be a bombshell, but after listening to the late 
meeting of the American Society of Civil Engineers, I realized that 
there were many people to whom the proposed units will appear 
shocking. They are laid out on the basis that there may oecur at any 
place in the country major winds whose velocity, between 1000 and 
2000 ft. elevation, will be 100 miles an hour. If we have such a velocity 
(a hundred miles an hour), the research of Dryden and Hill at the 
Bureau of Standards, proves that a tower will have a coefficient of 
004 applied to the square of velocity to determine its pressure. Dry- 
den and Hill’s work, I should say, pretty well proved the validity of 
004 as applied to towers, and therefore the question narrows itself 
down to whether we are going to have 100 miles per hour in the major 
* | have abstracted data from a bulletin 
| published in 1926; the highest observed velocity at 40 or 50 stations 


wind current. On page 907 


over the United States during the period of observation, ranging from 
seven to 50 years. These were taken at stations whose heights varied 
from 64 ft. at Walla Walla to 454 ft. at New York in the last two or 
three years. The velocities recorded at the time were recorded with a 
four-clock anemometer, which is subject to a very large correction. 
Its use is one of the reasons why there is a good deal of uncertainty in 
minds of engineers as to just what foree we should expect from the 
wind 


WRITTEN DISCUSSION 


+ 
BY DAVID CUSHMAN COYLE+¢4 


The example given in this report furnishes an opportunity to illus- 
trate the difficulty of applying a slope deflection formula to a multi- 


story building. The secompanying diagram shows a bent of the 
"A.C. 1, Jounnan, March 1031; Proeeedir Vol. 27, p. 903, 
fSmith and Brown, Engineers, Ine. Chicago 
Remarks by Mr. Smith in formal presentation of his previously published Committee reps 
the 27th Annual Convention, Milwaukee, February 24-26, L931. Following the t 
ntroduction is the discussion kprror 
tConsulting Engineer, New York Cit, Critie member Conmumittee SOS, 
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structure as given in Table 4. I have not been able to check the 
computations in this example, as not all the data are given, so I have 
taken for granted the vertical loads for the first story shown for 
Bent 8-1. I have assumed that the average column load in the first 
10 stories will be about 75 per cent of that in the first story. Having 
then made a guess at the column strengths I find the peculiar looking 
deflection diagram shown. If the floor were to take this shape, the 
beam from column 8 to column 6 would have a bend near the middle of 
about .35 in. Such a bend would give a bending moment at column 7 of 
about 164,000 ft. lb. Of course no such distribution of stresses would 
occur, because these bending moments would transfer load, as men- 
tioned on page 922. It seems proper, however, to call attention to the 
fact that the theory gives bending moments at column 7 in the tenth 
floor of 80 and 51, while the distributions on which the theory depends 
give secondary moments at this point of 164, to be subtracted from 
the wind load on one side of the column and added on the other. 


It seems to the writer that to attempt to modify the slope deflection 
theory or any of its variants so as to bring it within shouting distance 
of the probable true stresses would simply render the processes of 
computation too involved for practical use. Where change in length 
of members is a real factor, as it is in any high building, Spurr’s theory 
is the only one that has appeared so far which bears a recognizable 
relation to the probable stresses. 


The practice of steel building design for heights of 30 stories and 
under has been so well established for many years that it seems 
unnecessary to abandon it now. In the Miami hurricane the steel 
buildings that were designed by the common theory for 20 lbs. of wind, 
all stood the storm without damage. No doubt they would have had 
a more commendable margin of safety if they had been designed for 
30 lb., but nothing has arisen to cast any practical doubts on the com- 
mon theory as such. Granted that it has no logical connection with the 
stresses which probably will occur, the same can be said of the theory 
proposed in this report; while the common ‘‘portal’’ or “cantilever” 
theory, whichever is preferred, can be applied by one man working 
about half a day for a building of this size, as compared with several 
weeks required for the proposed method. In the writer’s opinion the 
uniformly satisfactory results in practice with steel framed structures 
of moderate height indicate that the same methods should be adopted 
for concrete. 


Another question which naturally arises in connection with tall 
buildings is that of the effect of nonexistent live loads in distorting the 
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floors. In the first place, it is evident that the usual method of design- 
ing concrete beams with continuity assumed at the joints is not appli- 
‘sable except perhaps for the first half dozen stories of any building. A 
missing live load occurring in several stories successively, and causing 
one column to stand a half inch higher than its neighbors, will double 
and reverse end moments all over the place. I question seriously 
whether reinforced concrete is sufficiently ductile to adapt itself to this 
type of distortion as it occurs in buildings 500 ft. high, and even in 
buildings of 10 or 12 stories the safety factor is no doubt called upon 
to absorb very large deviations from the figured stresses. For this 
reason it seems as if this report were “putting it on a bit’’ in recom- 
mending wind pressures of any kind at all for buildings over 200 ft. 
high, as structures of greater heights if built of concrete, can hardly 
be said to be designed by any theory other than a rough guess. 





It seems to the writer that where wind stresses are figured no load 
should be considered as carried by concrete in tension, but that the 
moment of the story should be equally divided among all the joints 
with due allowance for about 100 per cent error, and wind rods pro- 
vided to take the resulting moments. Previous experience and theory 
indicate that a design so made will be no farther off the facts than one 
made by the proposed theory, and will have the advantage of being 
easily designed and constructed. 


CLOSURE BY ALBERT SMITH 


Mr. CoyLe objects to that clause in the committee report which 
recommends that wind moments be distributed among all the joints 
of floors in proportion to the stiffness of the joints, the stiffness being 
determined by the JL of all members connected at each joint. 


His first reason is that due to fortuitous unbalancing of live load one 
column may have much more fibre stress than its neighbors. He 
mentions a disparity of column deflection of 4% in., which he says would 
double and reverse the beam end moments. In the first place, no well 
designed office building or apartment building could have such live 
load disparity. It is only for high buildings that the committee’s 
recommendations are important, so that Mr. Coyle’s statement does 
not bear on the committee report. Warehouses might have a con- 
siderable disparity of live load, but it is evident that the disparity 
‘annot exceed one-half the live load in one floor. Such buildings do 
not ordinarily exceed eight stories in height. It does not seem likely 
that a fortuitous arrangement in the storage which the designer could 
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not foresee would, except in the very exceptional case, realize a dis- 
parity of more than one quarter of the live load. For a height of 
1000 in. an E of 2,400,000 (since the loading is semi-permanent) and a 
fibre stress of 300 lb. per sq. in., we find a deflection of 1 in. at the roof. 
The effect in moment of such a disparity of column deflection depends 
on the span and the depth of beams, and is reduced by the bending of 
the lightly loaded columns. In the average case it is nothing to worry 
about, especially since flow in the beam haunches tends to relieve 
excessive stress. 


His second reason is that there is no method of computing accurately 
the stresses in a building of irregular plan, and, therefore, it is better 
to use a rough method and allow 100 per cent to cover errors. He says 
that ‘‘previous experience and theory indicate that a design so made 
will be no further off the facts than one made by the proposed theory”’ 
(the method proposed by me in my discussion in the March JouRNAL). 
I do not see how any one’s previous experience could indicate to him 
the exact stresses borne by the members of a high concrete building in 
the exceptional wind—and indicate them so clearly as to permit a 
comparison with two alternative methods of computing them. 


Theory, however, can give indications to every one, and it is worth 
while examining carefully all the points at which a computation method 
departs from the truth. Mr. Coyle’s diagram of beam bendings should 
have been made using an FE of 3,600,000. In buildings of this height 
designers use 3000-lb. concrete in columns and since the wind stresses 
are temporary, we may use the E for short loading at working stresses. 
This would give a disparity of deformations only 55 per cent of those 
Mr. Coyle has shown. Even if they were thus reduced, the diagram 
does not mean much, since any disparity of deflection causes transfer 
of load, and any transfer of load reduces the disparity. 


In the accompanying figure, I show the disparity of deflection of 
columns 8 and 7 at each story due to axial wind loads. I also show the 
opposite disparity of deflection induced by a series of applied loads 
arrived at by cut and try methods. The net disparity of deflection at 
each floor will tend to produce forces in the same direction as the 
imaginary applied loads. If loads produced by the net deflection equal 
the imaginary loads, the system is in equilibrium and the effect of the 
column shortening has been found. Computing P for the deflections 
shown we find the values to be on the average less than the forces 
assumed in the imaginary loading and may conclude that the trans- 
ferred loads are somewhat less than those assumed. 
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At the 8th floor the relieving moment in beam 8-7 is 51,000 ft. lb. and 
in beam 7-6 the additional moment is 20,300 ft. lb. Where my diagram 
(p. 922 March JourRNAL) shows these moments to be 102 and 58, 
the true moments would be 102 — 51 = 51,000 ft. lb. and 58 plus 
20.3 = 78,300 ft. lb. The moments in 6-5 and 5-4 would also be in- 
creased, but these increases could none of them produce a total greater 
than the 102,000 ft. lb. for which this line of beams was designed. If I 
follow Mr. Coyle’s method, I divide 3,500,000 ft. lb. among 30 joints 
and multiply by 2, giving 234,000 ft. lb. which would be rather ex- 
travagant for the owner, though, of course, very economical for the 
engineer. 

The best application of my method leads the designer to vary the 
depth or width of some of his beams in such a manner that the amount 
of departure from a plane will not be excessive. 





UNUSUAL FEATURES IN DESIGN AND CONSTRUCTION OF A 
90-MILLION GALLON CONCRETE RESERVOIR* 


BY ARTHUR B. MORRILLT 


GENERAL CONDITIONS 


A NEW 20-million gallon reinforced concrete reservoir was put in 
service by the Department of Water Supply of the City of Detroit in 
the summer of 1930. This is one of the units of the new Springwells 
water supply station, which will include low and high-lift pumping 
plants, boiler plant, turbo generators, filtration plant and two or three 
filtered water reservoirs. The construction of the tunnels which will 
carry raw water to the new plant was described by L. G. Lenhardt in 
a paper before the American Concrete Institute in 1929.} 





The hydraulic arrangements of the filtration plant required that the 
reservoir be almost entirely below the natural ground surface. The 
effective water depth is 20 feet. This was determined to some extent 
by the cost of the land used, which was $16,500 per acre, and to some 
extent by the fact that a deeper reservoir increased the cost of con- 
struction and operation of the pumping plant. 

To prevent ice formation and to maintain lower temperatures of 
the water in hot summer weather, the roof of the reservoir is covered 
with two feet of gravel and earth. The surrounding ground will be 
graded to the same elevation as this earth fill, and roadways and 
walkways will be constructed across the reservoir roof, much as if 
the reservoir were not there. On this account the roof was designed 
of sufficient strength to carry ordinary highway loads. This resulted 
in some increase in cost over ordinary methods of construction. 
Experience with the first filtration plant at Detroit has shown, how- 
ever, that trucks are occasionally driven on to the reservoir roof,in 
spite of all precautions to prevent. On this account and to make the 
land available for general purposes, it was decided to design the new 
reservoir roof to carry highway loads. 

*Presented at 27th Annual Convention, Milwaukee, Feb. 24-26, 1931 


tAssistant Engineer—Filtration, Detroit Department of Water Supply. 
The Concrete Lining of Detroit Water Tunnels,”’ A. C. 1. Proceedings, Vol. 25, p. 152 
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EXCAVATION 

Excepting certain accessory structures, the reservoir is a rectangle 
455 ft. long, 315 ft. wide; the average depth of excavation 21 ft. The 
quantities of various kinds of work and the unit prices of the successful 
bidder are shown in Table 1. Most of the earth was removed by drag 
line excavators standing at the tops of the banks. The exeavation 
was started with a steam shovel digging down a slope to the bottom 
of the excavation. The upper 6 to 8 feet of the exeavation was a 
friable, porous yellow clay, easy to handle in dry weather on fills or 
dumps. This material was formerly used on the same site for brick 
manufacture. The lower part of the excavation was a plastie blue 
clay, containing from 15 to 25 per cent of moisture and practically 
incompressible. When a bucket load was dumped from an excavator 
onto a truck it retained its shape roughly, making it difficult to obtain 
a well-compacted fill, except after long settlement. 
TABLE I QUANTITIES INVOLVED AND PRICES BID FOR SPRINGWELLS RESERVOIR 


CONSTRUCTION 


Item { 


nit 
No. | Quantity Unit Item Price Amount 
l 21,300 | cu. yds Earth excavation and backfill $ 85 $ 18,100.00 
2 124,300 | cu. yds Earth excavation hauled away oO 112,000.00 
3 10,000 | cu. yds.| Earth excavation placed on site 55 5,500.00 
+ 181,760 | lin. ft Timber piling (40 ft. nominal length pile Ww) 72,600.00 
5 6,540 | cu. yds Reinforced concrete, class A 11.20 73,200.00 
6 $20 | cu. yds teinforced concrete, class B. 10.00 9,000.00 
7 11,500 | cu. yds.| Reinforced concrete, class C 10.80 124,115.00 
& (2,200,000 | Ibs. Reinforcing steel in place. 0314 71,500.00 
9 56,000 | Ibs. Special castings 11 6,150.00 
10 18,500 | Ibs. Miscellaneous steel and iron 6 2 060.00 
11 lump Placing gates, valves, etc., furn. by the city 1,300.00 
12 1,125 | lin. ft. 12-inch C. I. belt drain (laying only 1.50 1,700.00 
13 500 | lin. ft. 12-inch drain... . ‘ ‘ 1.25 625.00 
14 14,500 | lin. ft. 6-inch drain 0 7,250.00 
15 3,000 | cu. yds.| Crushed limestone or gravel 3.00 9,000.00 
16 500 | lin. ft. | 12-inch C. I. sewer... 10.00 5,000.00 
7 | lump Miscellaneous ; 1,000.00 
18 | Engineer's field office 4,000.00 
19 | lump Cleaning up 1,500.00 
20 | | lump Contract bond, insurance, ete 12,000.00 


Total Lump Sum Proposal.... . a ; - $538,500.00 


As soon as the ground thawed serious difficulty was encountered in 
handling trucks over the sticky mud where the material was dumped. 
Experience on several projects of this size and type has shown that they 
should be advertised for bids about November, so that actual exeava- 
tion can start early in January. Working in frozen ground appears to 
be no handicap to a large excavator when the digging goes five or ten 
feet below the frost line. If the excavation is not complete by the first 
of April, it is likely to be very much delayed and made more expensive 
by mud conditions. If, as is frequently done, advertising is delayed 
until spring, contractors are more likely to be engaged on other 
projects and higher prices may result. Then some of the concreting 
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and all the finish work may be thrown into winter weather, whereas 
by starting excavation in the winter the concrete can be placed from 
April to October under the best weather conditions. 


PILE FOUNDATIONS 

The reservoir has under it about 4500 40-ft. timber piles. It is 
customary to say that the structure “is supported” by the piles, but 
it is not so certain that such is the case here. Goldbeck pressure cells 
have been installed under the bottom slab, both on the tops of piles 
and on the clay between the piles. Readings are being taken in an 
attempt to determine what proportion of the load is actually carried 
by the piles and whether this proportion changes with time. Pressure 
cells are rather delicate instruments, subject to some uncertainties, 
so the results are often inconsistent, but it seems certain that the 
greater part of the load is now carried directly by the clay, not by the 
piles. 

I:xperiments and analysis, carried out for the Department of Water 
Supply by Asst. Prof. William Housel of the University of Michigan, 
show that the bearing capacity of a pile driven in Detroit blue clay 
cannot be determined by its penetration under a hammer blow of 
given energy. The Engineering News formula, for example, gives 
results that are very misleading under Detroit conditions. Regarding 
the important question of group effect, the available information is 
decidedly unsatisfactory. 

On the other hand, it might be contended that no piles whatever 
were necessary in this case. The total load on the clay under the base 
slab, with the reservoir full, is about 2200 pounds per sq. ft. Tests of 
small loaded areas in open pits indicate there is some danger of settle- 
ment with such a load, but it should be noted that the reservoir and 
its contents weigh less, by about 500 pounds per sq. ft., than the clay 
removed to build it. 

It it were an isolated structure, with no danger of local undermining, 
it would probably be safe to omit piling. In this case, however, it 
seemed a reasonable assumption that other structures might, at some 
time in the future, have to be built close to the reservoir, possibly at a 
lower elevation. Contraction cracks might cause leakage which would 
tend to undermine the slab. These factors were of principal impor- 
tance in the decision to use piles. The amount of piling was much 
reduced, however, over what would have been required if no dependence 
could be placed on the supporting power of the soil. 


“SWELLAGE’’ DUE TO PILE DRIVING 


A factor of great importance, in any structure supported on piles 
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driven into incompressible soil, is the upheaval or “‘swellage’’ of the 
subgrade which results from the pile driving. To avoid expensive 
hand excavation or refilling it is necessary to determine as accurately 
as possible, in advance, the amount that the subgrade will be lifted at 
any particular point by the pile driving. The effect of the swellage 
caused by any pile appears to be felt over a wide area, having a diam- 
eter perhaps once or twice as great as the length of the pile. The 
effect is probably a maximum at the pile, tapering off to nothing at the 
circumference of the affected area. 

The distribution of swellage appears to depend on the amount of 
overburden. Driving a pile on a level surface, the swellage seems 
to take place uniformly on all sides of the pile, without regard to the 
direction in which the pile-driving work is advancing. Where there is 
a trench excavated below the general level, the swellage appears too 
be somewhat increased in the trench. Measurements were not taken 
with all the detail and accuracy necessary to determine all the charac- 
teristics of pile swellage, but it has been shown by this and other work 
that the volume of swellage is a large proportion of the volume of 
the piling driven into the ground. When the underlying material is 
an incompressible clay, it appears that the total swellage is nearly 
100 per cent of the volume of the piling. With small structures, 
shallow excavations and long piles, much of this swellage may take 
place outside the limits of the structure and so will not affect the sub- 
grade elevations. In the present case the volume of upheaval or 
swellage over the area of the structure was estimated as 81 per cent of 
the volume of the piles driven into the ground. To compensate for 
this, it was necessary to excavate to an average depth 0.53 feet greater 
than would otherwise have been necessary. 

PLAN OF OPERATIONS 

The long dimension of the reservoir is north and south, the south 
end being close to a main street. An orderly program of construction 
was laid out, each operation starting with a strip across the north end, 
then progressive southward. Fig. | shows a view from the southeast 
corner of the work, with several of the principal operations in progress 
at one time and without interference. Excavation, piledriving, the 
installation of drain lines and the spreading of a layer of gravel on 
the subgrade are complete. In the foreground bottom slab steel and 
then conerete are being placed. Column bases are next constructed, 
then roof forms are erected. Finally column shafts and capitals and 
the roof slab are poured and the main part of the work is finished 

CONCRETE DESIGN 


In Fig. 2, it will be seen that the roof is supported by 24-in. cireular 
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concrete columns. These are spaced 20 ft. on centers in both directions. 
Both the base slab and the roof are of flat slab design. The base slab 
is designed on the assumption that the reaction of the clay or piles is 
distributed to a greater or less extent, depending on the conditions 
of loading, and that the slab must be of sufficient strength to dis- 
tribute the concentrations brought down by the columns. 

The pile heads project up 6 in. into the 18-in. bottom slab. The 
bottom reinforcement is above the pile heads, making the depth of the 
structural slab 12 in. The columns have a flaring base as well as a 
capital. At the top there is also a drop panel 5 in. deep and 8 ft. 
square, the remainder of the slab being 11 in. thick. 

The principal load on the foundation is the weight of the water, 
which at the deepest places will be about 1250 lbs. per sq. ft. In 
addition to the concrete loads, which can be determined from the draw- 
ing, the earth and gravel filling on the roof slab is assumed to weigh 
250 lbs. per sq. ft. The roof slab is designed to carry a load of 500 Ibs. 
per sq. ft. above the concrete, giving nominally 250 lbs. per sq. ft. 
for trucks or other superimposed loads. Because of the large-size 
panels, the actual superimposed load on a small area could be much 
larger without overloading the structure. Another factor of safety 
is the large ratio of dead to live load on the roof. A considerable 
increase of the live load above the design value has a relatively small 
effect in increasing the stresses in the slab. 

CONCRETE MIXTURES 

The structure was designed on the assumption of 2000-lb. concrete 
for most of the work and 2500-lb. concrete for the roof slab and col- 
umns. This higher strength concrete was called ‘‘Class A’’ and a 
1:2:3 mix was specified. The 2000-lb. concrete was divided into two 
classes, B and C, differing only in the nature of the form work. For 
these classes a 1:2:4 mix was specified. Since the sand was measured 
inundated the amount of it in each mix was 10 to 20 per cent greater 
than if it had been measured damp and loose as was formerly custom- 
ary. In spite of this the 1:2:4 mix proved to be undersanded and 
harsh. For the first two weeks of concreting the specification pro- 
portions were followed, with the amount of water varying from 5.18 
to 6.84 gallons per sack of cement. In about half of the pours during 
this period, admixtures were used in an attempt to improve the work- 
ability. It became apparent that better concrete could be obtained 
by increasing the proportion of sand in the mix. The contract pro- 
vided for adjustment to meet such a situation and accordingly most 
of the concrete specified as 1:2:4 was actually mixed in proportions of 
1 to 2.37 to 3.64. After this change satisfactory workability was ob- 
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tained without the use of any admixtures. The amount of water in 
the mix was varied to give the degree of workability required for satis- 
factory placing. The extreme range was from 5.60 to 7.98 gals. per 
sack of cement, the average being about 7.12 gals. 

CONCRETE CONSTRUCTION 

The sand and pebbles used for concrete were stored and measured 
separately, and the size and grading were specified in considerable 
detail. The material came from screening plants about 30 miles from 
Detroit. Water department inspectors were maintained at the plants 
at all times while the material was being loaded. The inspectors took 
samples directly from the loading belts. About two to four minutes 
were required to load a car. Sometime during the loading the belt 
was stopped and a section of the material about one foot wide scraped 
from it. These samples weighed about 50 lbs. each. After trying 
various methods it was determined that the one described was to be 
preferred over any other. Screen tests were made at once on the samp- 
les and the results of the analyses mailed to Detroit. The figures were 
usually available at the producing point before the cars were shipped, 
and always at the job before the cars were received. 

Aggregates were stock-piled near the railroad siding. Cars were 
unloaded and trucks were loaded by a crawler crane. The truck haul 
to the mixers was about 400 ft:, the trucks driving up a short ramp 
and dumping directly into bins over the two mixers. An inundator 
was specified for measurement of sand. The actual control was by 
slump tests. The required time of mixing was 90 seconds. The con- 
crete was hoisted to the top of a tower and then distributed by a 
system of chutes to the forms. 


The specifications provided that the total amount of water in the 
mix should not exceed 61% gals. per sack of cement for any class of 
concrete. Attempts were made to determine accurately the amount 
of water going into each batch, but these were not entirely successful 
due to the difficulty of finding quickly the amount contained in the 
coarse aggregate. A further complication was the fact that on hot 
dry days an appreciable amount of water was lost in the long chuting 
system, so that the amount of water in the concrete as deposited in 
the forms was less than when it left the mixer. 

Slump tests were made at frequent intervals. The specifications 
provided a maximum slump of 6 in. for column shaft concrete and 4 in. 
for all other concrete. In order to get satisfactory placing it was 
necessary to allow slumps up to 7 in. for column shafts and up to 6 in. 
for the roof slab and column capitals. In double-reinforced walls 18 
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to 24 in. thick slumps of 4% to 6 in. were used, whereas a maximum 
slump of 4 in. was found satisfactory in the floor slab. Some tolerance 
was necessary in slump measurements because of the fact that two 
observers would often disagree by an inch or more in measuring the 
slump of a given concrete mixture. 








lic. 3—TypmicaL VIEW OF BOTTOM SLAB REINFORCEMENT 
Kia. 4—Roor sLaAB REINFORCEMENT AND PLACING OF CONCRETE 
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Fig. 3, shows a typical section of reinforcement in place for the 
bottom slab. Fig. 4 shows the work of placing top slab concrete in 
progress and Fig. 5 is an interior view of the completed reservoir. 

STRENGTH OF CONCRETE 

The average 28-day strength of all concrete, as determined by 429 
test cylinders, was about 2560 lbs. per sq. in. In spite of the richer 
mix, the 1:2:3 concrete showed strengths averaging about the same as 
the 1:2.37:3.64 mix. Greater workability was required because of 
close reinforcing in the locations where Class A concrete was used. 
Ten per cent of the cylinders showed strengths at 28 days below 1700 
pounds. The variations in strength were greater than seem necessary 
and the reasons for such variation are not clear. It is probable that 
some of the low values represent cylinders damaged by being handled 
before they were sufficiently cured. Others may be due to lack of 
care in forming the ends of the cylinders or in capping for testing. 

Attempts to correlate the strength of test cylinders with the amount 
of mixing water used have been most unsatisfactory. This is true 
regarding this job and also regarding several other recent projects of 
the Department of Water Supply. As much care as is practicable in 
the field was used to determine the amount of water in the mix, making 
allowances for all known sources of error. In spite of this there was a 
wide variation in the strength obtained with any given water-cement 
ratio. Extremely high strengths occurred about as often with much 
water as with little. The range of water-cement ratio covered was, 
however, not great. The inconsistencies may be due in part to the 
difficulty already mentioned of determining accurately the actual 
water-cement ratio in the concrete as placed. Another factor which 
may be important is the variation in curing temperature of different 
cylinders. 

FORM TIES 


An important detail, in a structure of this kind, is the type of form 
ties used. Those adopted made use of a %-in. steel pipe, about 2 in. 
shorter than the desired distance between the forms. At each end 
was placed a small conical casting, which was removed when the forms 
were stripped. Through the pipe and castings passed a %-in. rod, 
fastened with wing nuts at the ends. The devices were strong and well 
adapted to structural needs, both as ties and spreaders, but their use 
was rather unsatisfactory for a structure to hold water. 

After the small cones were removed, the plan was to push a cork 
into each end of the pipe and then point up each recess with cement 
mortar. When the reservoir was filled nearly every visible tie-point 
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showed a damp spot on the outside. Most of these sealed themselves 
and dried out in a few days. A few of them had to be chipped out and 
repointed. In some cases the cork was found to be missing in one end 
or the other. To be sure that each of these hundreds of corks is actu- 
ally in place is a difficult inspection matter. The universal damp 
spots, even when the corks were used, suggested that water under 
pressure might be following the outside of the pipes. 





Fic. 5—INTERIOR VIEW OF COMPLETED RESERVOIR 
Fic. 6—LOADING BOX FOR ROOF SLAB TEST 
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DRAINAGE SYSTEM 

A complete underdrainage system was provided, designed to 
remove leakage and prevent the possibility of hydrostatic uplift on 
the bottom of the reservoir with the structure empty. It was so 
arranged, however, that the pile heads would be always submerged 
and thus protected from decay. 

LOAD TEST OF ROOF SLAB 

After the concrete work was complete, one panel of the reservoir 
roof slab was subjected to a load test. The plans called for covering 
the entire area of the roof slab with a drainage layer of pebbles six 
in. thick. It was found convenient and sufficiently accurate to use 
this material for loading the slab. As shown in Fig. 6, a bottomless box 
20 ft. sq. was constructed on the slab, with the sides of the box on the 
lines connecting adjacent columns. The weight per cubic foot of the 
pebbles was carefully determined. From this and the volume of 
material in the load the total weight on the slab was calculated. De- 
flections of the slab and strain gage measurements of the elongation of 
the reinforcing were made at a number of points as the loading pro- 
ceeded. One of the gage points on the lower side of the slab is shown 
in Fig. 7. When the load of pebbles was 820 lbs per sq. ft., making a 
total load of 960 lbs. per sq. ft., the loading was stopped. At first no 
cracks were apparent in the concrete with this load, but after the test 
had stood about two days, extensive but very fine hair cracks were 
found. In three more days there was no apparent change. 

The concrete at the time of test was about six or seven months old. 
As the total load was then 50 per cent greater than the designed total 
load, it was felt unnecessary to carry the test further. The demon- 
strated strength was sufficient to justify a load on one panel on top of 
the earth cover, of 570 lbs. per sq. ft., rather than the 250 lbs. for which 
the slab was designed. The ultimate load would presumably be much 
greater than the maximum test load. 

LEAKAGE TEST 

The specifications required that the leakage from the reservoir when 
full should not exceed 100 gals. per minute. When this specification 
was prepared, little information was available as to whether or not it 
was a reasonable requirement. The controlling question was whether 
the cost of obtaining greater water-tightness was out of proportion to 
the advantages to be gained. It has since appeared that many engi- 
neers believe that considerably greater water-tightness is necessary, or 
at least practically obtainable. 

The leakage from the reservoir averaged 25 gals. per minute for the 
first five days after filling was complete. The available water supply 
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Fic. 7—GAGE POINT FOR ROOF SLAB LOAD TEST 


was such that a considerable time was required for filling and this 
doubtless had some effect on the apparent leakage, as absorption of 
water by the concrete had been largely eliminated before the test 
started. For the next eight days the leakage averaged 19 gals. per 
minute. Experience shows that minute openings along form tie rods 
or at shrinkage cracks tighten up after a few weeks, so the leakage 
was probably at one time considerably less than 19 gals. per minute. 
Shrinkage or contraction cracks may since have increased the leakage. 

It should be noted that the design includes no expansion joints. 
The provision of such joints with a flat slab top and bottom is rather 
inconvenient and the temperature and humidity variations to which 
the reservoir concrete is exposed are unusually slight. The interior 
atmosphere is always damp and the interior temperature is always 
between 32 and 80° F. Certain shrinkage cracks have formed in a 
similar and larger reservoir built in Detroit in 1923, but so far it has 
appeared more satisfactory to repair such shrinkage cracks as do 
develop, than to provide elaborate water-tight expansion joints. 

During the year 1927 a reservoir of the same capacity and very 
similar design was built at Water Works Park plant in Detroit. This 
was described by EF. A. Hardin in an article in Engineering News-Record, 
July 4, 1929. The specified limit of leakage was also 100 gals. per min- 
ute. In spite of many construction difficulties and other circum- 
stances which would tend to increase the leakage, the quantity was 
found on the first test to be 85 gals. per minute. 

Late in 1930 specifications were issued for a second reservoir for 
the Springwells Station. Like the first, its capacity will be 20 million 
gals. Asa result of experience with the two other reservoirs described, 
the specifications for the new reservoir were changed to provide for a 
maximum allowable leakage of 27.8 gals per minute. 
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WATERPROOFING AND SURFACE DRAINAGE 


As the reservoir is to store filtered and sterilized drinking water, 
care is needed to protect the contents from contamination. Sheet 
copper or zine water stops were used in all vertical construction joints, 
both in walls and slabs The original plans called for the water stops 
to be of cold-rolled sheet copper weighing 16-0z. per sq. ft. It was 
later decided to allow the use as an alternate of sheet zine of the same 
weight. Zine sheets are about 25 per cent thicker than copper sheets 
of the same weight and are on that account perhaps slightly less liable 
to damage during construction. 


The zine sheets before being bent were 834 in. wide. A %-in. leg 
ras turned up at each edge and a V-shaped fold *4-in. deep and 4-in. 
wide was turned down at the center, making the overall width after 
bending 6144 in. The strip was embedded in the concrete in such a 
way as to bring the center fold on the line of the construction joint. 
In water stops for horizontal slabs it is important that the vertical 
legs formed at the edges of the strip should turn up and not down. 
When the edges turn down it is almost impossible to place concrete 
in such a way as to avoid air pockets under the metal strips. 


Keyways were used in all construction joints. The reinforcing was 
continuous across all joints and great care was used to secure bond 
between new and old concrete. In all bottom slab joints a groove 
left in the concrete was poured full of hot asphalt after the concrete 
had dried. The grooves were 4-in. wide at the top and extended down 
to the reinforcing steel, about 2 ins. They were formed of wood strips, 
beveled to facilitate removal. The pouring of asphalt was delayed 
so that shrinkage of the concrete would take place as much as pos- 
sible before and not after the asphalt was placed. Considerable care 
was necessary to get the grooves clean and dry before pouring asphalt. 


Throughout the work the attempt was made to secure strong, im- 
pervious and durable concrete. Except for this, no special arrange- 
ments were used for waterproofing the body of the concrete of the 
bottom and lower part of the side walls. The exterior of the entire 
roof slab and upper six feet of the side walls were painted with an 
asphalt primer and then mopped with a hot application of asphalt. 
This was done to lessen the possibility of surface water leaking through 
the top slab in case shrinkage or temperature cracks should develop. 
There is little danger of leakage inward through the sides or bottom, 
even if cracking occurs, as the level inside will probably always be 
above that outside. 
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To prevent surface water standing on top of the roof, the top slab 
and the earth cover are given a slope of about 0.4 per cent toward one 
end. If surface water percolates through the 18-in. earth and clay 
cover, it is expected that it will be carried away by the 6-in. layer of 
pebbles under the clay and above the roof slab. 
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CONCRETE PLANT ON DETROIT WATER FILTRATION 


SUBSTRUCTUR E 
BY W. K. SAUNDERS* 


To HANDLE and deposit approximately 75,000 cubie yards of con- 
crete over an area about 600 feet square was the problem which con- 
fronted the contractors when bids were asked for the substructure of 
Detroit’s new filtration plant of the Springwells station. The W. E. 
Wood Co., in undertaking the work, considered several methods of 
placing: cableways, several towers fed by trucks from a central mixing 
plant, towers and chutes with mixer below tower, and belt conveyors. 

At the time this contract was let a separate contractor was driving 
piles close to where concrete operations were to be carried on. The 
piles were long, some as long as 84 feet, requiring pile drivers with 
high leads. This, with the usual snaking and dragging of piles to the 
drivers, made the adoption of any system of concrete conveyance 
which necessitated many guy lines impractical, if not impossible. 
The scheme of low towers fed by trucks from a central mixing plant 
was abandoned because of lack of space for roadways. 

Belt conveyance of concrete seemed to offer the greatest possibilities. 
Since no guy wires would be needed, there would be no interference with 
the contractor driving piles. Belt conveyors offered a very flexible 
system. They could be moved easily from one position to another 
especially while concreting the mixing chamber and coagulation 
basins, which have a flat slab for their cover. To convey concrete 
by belts would remove one frequent source of complaint of engineers, 
for it would be a simple matter to place dry concrete. Thus many 
arguments would be avoided in the field. The company believed 
that the efficient handling of 75,000 cu. yds. of concrete justified such 
a unique as well as flexible plant. 

It is to be borne in mind that space available for a concrete plant, 
as well as storage of materials, was limited due to other structures 
being erected close by. A rail siding was available, but with the 
exception of about 200 feet on the south side the land adjacent to the 


*Engineer, W. E. Wood Co., Detroit. 
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siding could not be used, as private property was on the north side 
and the remainder of the south side was excavated to the toe of slope 
of siding fill. 

The completion dates of the contract were such that concrete 
operations had to be carried on during the winter months. This 
necessitated the storage of aggregates, as the gravel pits would be 
closed in the freezing months. As no suitable storage space was 








Fic. 1-—CONCRETE PLANT UNDER ERECTION 
Fig. 2—SHUTTLE AND FIXED CONVEYOR OVER STORAGE BINS 
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ia. 3—CONCRETING FOOTINGS AND BOTTOM SLAB OF FILTER BUILDING. 
NOTE NEARNESS OF PILE DRIVING OPERATIONS 


Kia. 4—STARTING WALL POURS OF FILTER BUILDING 
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available on the Water Board’s property, it was leased from the 
property owner to the north. 
HANDLING MATERIALS 

The concrete plant used was efficient, unique and very compact. 
Hopper bottom cars dumped either sand or gravel into a hopper 
directly below the railroad track. A short belt conveyor carried the 
aggregate to a pit, between the siding and the bins, where bucket 
conveyors raised it to a fixed belt conveyor above the bins. This 
fixed conveyor discharged into a shuttle conveyor, below and parallel 
with it. The shuttle conveyor was movable and the motor was 
reversible, so that either the pebble or the sand bin could be filled. By 
moving the shuttle conveyor, the hoppers above the mixers could be 
filled, through a two-way chute with gate to the desired hopper. 
In a tunnel below the sand and pebble bins and discharging into the 
unloading pit was another conveyor. This reclaiming conveyor took 
material out of the bins, dumping it into the unloading pit, where it 
could be collected by the bucket conveyors and sent to the hoppers. 
Thus with this layout it was possible to take aggregate direct from 
the cars to the hoppers above the mixers, or store the aggregate in 
the bins until needed and then draw from the bins by means of the 
reclaiming conveyor. 

After a careful consideration of various economies, it was decided 
to use bulk cement. The unloading cost would be about the same as 
with sacked cement but the loss of cement sacks, backcharging for 
torn and foreign sacks, elimination of handling charges on sacks and 
saving on labor in charging mixers, made bulk cement more economical. 

With an automatic scraper, bulk cement was pulled out of cars 
into a steel hopper directly above the worm gear of the cement pump 
which was operated by compressed air. Compressed air was also 
used to motivate the cement after leaving the worm. The cement 
discharged through a two-way valve either into the cement hopper 
above the mixers or into a cement storage silo, through whose bottom 
openings cement could be fed again to the worm and hence through 
the pump to the cement hopper above the mixers. Thus cement 
could be unloaded from the cars directly to the cement hopper or it 
could be stored and then drawn upon by the same system. 

Some difficulties with the moisture due to the use of compressed air 
in the cement handling equipment were overcome by the installation 
of an “after cooler.’”’ This removed enough moisture so that it was 
unnecessary to clean out the cement gun more than once a week. 
More trouble was experienced during wet periods than during the 
heat of the summer. 
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Fic. 5—PREPARING TO CONCRETE WEIR CHAMBER 
ic. 6—LAYING STEEL FOR FIRST POUR OF MIXING CHAMBERS 
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Two concrete mixers of about 1 cu. yd. capacity each were used, one 
being right hand and the other left hand. The drums of the mixers 
in turning toward each other had a tendency to neutralize the vibra- 
tion in the plant and allowed a better adjustment in the scales that 
were used batching the concrete. The mixers being of opposite hands 
permitted a more compact mixing plant as the charging hoppers did 
not have to have as much overhead clearance as would be required if 
the mixers turned in the same direction. 


Fine aggregate, coarse aggregate and bulk cement were stored in 
hoppers above these mixers. The fine aggregate was measured by 
volume in an inundated condition; coarse aggregate was measured 
by volume; cement by weight. The mixers were equipped with auto- 
matic timing devices and discharged into a hopper from which the 
concrete was fed onto the belt conveyor by manual control. Care was 
exercised so as to load the belt uniformly, avoiding overloading. 


BELT CONVEYORS 


The typical conveyor for carrying concrete consisted of an endless 
rubber belt, two feet wide, between two pulleys actuated by an electric 
motor. Idlers were used to support the upper line of the belt and to 
keep it in a trough section. The lower idlers kept the belt free of the 
truss work. 

At the start of the job trouble was experienced in wiping the dis- 
charge end of each conveyor section free of concrete and grout. The 
first method employed to eliminate this difficulty was to place on 
the underside, and about two feet back from the discharge end of the 
conveyor, two scrapers. The first consisted of a 3 x 3-in. angle iron 
2 ft. long, so placed that one leg of the angle iron was perpendicular 
to and about an inch from the belt. The other leg of the angle iron 
was parallel to and pointing in the same direction as the travel of the 
unloaded belt. Approximately six inches back of this angle iron was 
the second scraper, a piece of rubber, 2 ft. long, % in. thick and 3 in. 
wide, held by suitable clamps. This rubber was in contact with the 
belt. Both scrapers were held in position by separate spring carriages 
so that the tension of each could be adjusted. 

The first scraper was intended to remove stones that might cling 
to the belt; the second to remove all grout. In spite of the spring 
carriage, under the iron scraper, stones would lodge between the angle 
iron and the belt, tearing and pitting the rubber. This scraper was 
then removed and by trial adjustment of the spring carriage of the 
rubber scraper, it was found that it would satisfactorily remove both 
stones and grout. 
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Three types of conveyors were used; long semi-fixed sections, short 
sections mounted on rubber tired swivel wheels, and elevating sec- 
tions mounted on wheels. The long semi-fixed conveyors were built 
up of sections of truss about 20 ft. long; the longest of this type used 
was 234 ft. These conveyors were put into semi-permanent positions 
and were supported on wooden bents. When moved they were taken 





Fic. 7—PowRING COAGUTATION BASIN SLAB. NOTE CONVEYORS ON 
FLAT SLAB OF FINISHED WORK 


apart and reassembled. The movable sections were 60 ft. long. 
Their swivel wheels made moving easy on any smooth surface. The 
elevating sections were 60 ft. long, supported near one end by a steel 
bent mounted on a swivel wheel carriage. By means of a hand winch 
these sections could be raised to any position from level to an angle of 
about 18 degrees. These sections gave the necessary height for placing 
the concrete through chutes. A small electric caisson winch mounted 
on the elevating end allowed these sections, as well as the other 
movable sections, to be pulled into position. 

At no times were the conveyors pushed to capacity. The maximum 
day’s output was 1200 cu. yds. of concrete and the belts could have 
taken care of a much greater quantity. While the type of conveyor 
used filled all the requirements of this job, one much lighter in weight 
could be obtained, but the writer feels that it would take a sturdy 
machine to withstand the handling it was subjected to on this job. 
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All conveyor sections were wired so that all could be stopped or 
started from any section. There was a telephone line running the 
length of the conveyors to the mixing plant. These two conveniences 
reduced to almost a minimum the spillage from the belts. 

The relative locations of the main parts of the work are shown on 
the accompanying drawings. The weir chamber was concreted first; 
then the filter building; then the mixing chamber and lastly the 
coagulation basins. 

The footings and the bottom slab of the filter building was concreted 
before any work was started on the walls. Holes were left in the floor 
where the conveyors were supported. As work progressed eastward 
on the walls, sections of conveyors were taken out. The bottom slab 
of the filter building was placed through chutes, the walls from buggies. 
The center part of the mixing chamber floor slab was placed by 
chutes from the conveyor; then the wall, column and deck forms for 
this mid-section were erected. As soon as this middle section of deck 
was placed, conveyors were added and with this height it was a 
simple matter to place adjoining slabs. This same system was carried 
out for the entire mixing chamber and coagulation basins. 

MATERIALS AND CONCRETE MIXTURES 


The fine and coarse aggregate used on this contract were sand and 
pebbles from gravel pits about 40 miles from Detroit. The specifica- 
tions called for the fine aggregate to grade in size uniformly from 
coarse to fine within the following limits by weight. 

Passing a 3¢-in. sieve not less than 100 per cent. 
Passing a No. 4 sieve not less than 95 per cent. 
Passing a No. 48 sieve not more than 20 per cent. 
Passing a No. 48 sieve not less than 5 per cent. 
Passing a No. 100 sieve not more than 5 per cent. 

Fine aggregate grading had to be such that at least fifteen per cent 
would be retained between each of the following two pairs of sieves. 
Nos. 8 and 14; 14 and 28 and 28 and 48 with less than 5 per cent and 
not more than 25 per cent retained between the No. 4 and No. 8 
sieves. 

The coarse aggregate used ranged in size from coarse to fine within 
the following limits: 

Passing a 2-in. square opening 98-100 per cent. 
Passing a 1'%-in. square opening 80-95 per cent. 
Passing a %4-in. square opening 25-60 per cent. 
Passing a No. 4 sieve 0-5 per cent. 

No stones larger than 2% in. in longest dimension were used. 

Ready-mixed aggregates were used for fill conerete only, and con- 
tained not less than 50 per cent by weight of particles retained on a 
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Fic. 10—GENERAL PERSPECTIVE OF SPRINGWELLS STATION 
FILTRATION PLANT 


No. 4 sieve and no particles retained on a three-inch square mesh 
screen. 


The aggregate was inspected at the pits, the cars tagged and the tags 
removed by inspectors as the cars reached the job. Aggregates from 
cars which were not tagged were not used. No admixtures were used 
in any of the work. Water used for concrete was from Detroit City 
supply. 

Three classes of concrete were used. 

Class A—a nominal 1:114:3 mix. 

Class B—a nominal 1:2:4 mix. 

Class C—either a 1:3:5 nominal mix or 1:6 mix using ready-mixed aggregate. 
In all three mixes the maximum water per sack of cement was 6% 
gals. The slump for the different types of concrete, tested at the forms, 
was not greater than 6 in. for Class A and not greater than 4 in. for 
other classes. 


It was surprising how water would evaporate from the concrete as 
it traveled along the belts on hot summer days. Conversely the 
moisture gained during a light drizzle was astounding. Under these 
conditions changes in slump of from 1 to 1% in. from the mixer to the 
point of final placement were repeatedly noticed. 

With a belt travel of 650 ft. and air temperatures ranging from 
17 to 26 deg. F. the drop in temperature from the mixer hopper to the 
forms ranged from 8 to 13 deg. F. Concrete left the mixer hopper at 
about 60 deg. F. 


Care was used in placing the concrete. A layer of 1:3 grout was 
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first placed in the forms. This grout had the consistency of a good 
floor finish and no trouble was experienced in handling this on the 
belt. The grout helped bond the new concrete to the old and gave 
very good results at joints. Concrete was puddled by hand where 
practical and in other places by means of air operated vibrators. 


Concrete was kept wet after placing either by sprinkling or where 
possible by ponding. In cold weather steam jets heated the aggregate 
and an old locomotive boiler heated the mixing water. Salamanders 
or tarpaulins and steam jets protected freshly placed concrete. Fre- 
quent samples of concrete were taken and made into 6 x 12 in. cylin- 
ders which were broken in 7, 28 and 90 days after making. 

CONCLUSION 

In conclusion it can be said that the concrete plant and conveying 
system came up to the expectations of those responsible for its adop- 
tion. Its initial cost was no greater than any other system that had 
been considered. The labor cost of placing concrete was less with this 
system than it would have been with others. The overall cost of 
placing concrete on this work amounted to 62¢ per cu. yd.; on quan- 
tities of 1200 yds. costs were as low as 17¢ per cu. yd., while on small 
pours, placement costs became as high as $1.25 per cu. yd. It is 
believed that this method is applicable only when large volumes of 
concrete are to be handled, but for the actual conditions of this job, 
it was very well adapted. Incidentally, it is surprising the number of 
other uses to which conveyors can be put. For instance, approxi- 
mately 12,000 cubic yards of fill and drainage pebbles were unloaded 
and placed between various concrete pours. 


The work was carried out for the Department of Water Supply of 
the City of Detroit, George H. Fenkell, Chief Engineer. The work 
was under the direct supervision of A. B. Morrill, Assistant Engineer 
of Filtration. J. C. Westphal is Superintendent for the W. E. Wood 
Co. contractors, for this part of the work. The writer is Engineer for 
the W. E. Wood Co., and was in charge of the installation of valves, 
piping castings and sluice gates included in this contract. 


Readers are referred to the JourNAL for February, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by Jan. 1, 1932. 

















Tue MopiIFIED SLOPE-DEFLECTION EQUATIONS’ 


BY L. T. EVANS* 


INTRODUCTION 


IN THE past few years, considerable interest has been given to the 
study of rigid frames. Many papers have been written on this subject 
and the problem has been attacked from every angle. Among the 
numerous methods of solution that have been advanced, the slope- 
deflection method stands out as one of the best for the analysis of 
complicated rigid frames. The slope-deflection equations, for members 
of constant moment of inertia, have been derived in many books and 
papers, but so far as the author is aware, no information has ever been 
published that provided an easy application of the slope-deflection 
equations to frames composed of members of variable moment of 
inertia. 

To satisfy the need for a more general set of slope-deflection equa- 
tions that could be applied to members of variable moment of inertia, 
as well as to members of constant moment of inertia, the author has 
derived two new equations that are general and which have been 
designated the ‘‘modified slope-deflection equations.’”’” These new 
equations are similar to the slope-deflection equations found in text 
books and are applied in exactly the same manner, and with the same 
ase and speed, for all types of sections. 

Although the final design of a column differs from the design of a 
girder, in the solution of a frame for moments there is no distinction 
made between girders and columns. Each member is considered as 
an elastic part of the frame and the analysis depends upon the moment 
of inertia distribution in each member and upon the relative stiffness 
of each member with respect to the others. Although the material in 
this paper is divided into two classes under the headings of ‘‘Beams’”’ 
and ‘“‘Columns,”’ it is evident that coefficients derived for members 
that are usually used as beams may be used for columns and vice 
versa. The terms “beam coefficients” and ‘‘column coefficients’’ are 
really two expressions for the same thing, but are used to avoid con- 
fusion in the discussion. 


*Designer, Cincinnati Union Terminal Co., Cincinnati, O 
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BEAMS 
Beams, or girders, may be considered as belonging to three main 
types as follows: 
Type 1 beams are members of constant moment of inertia for their 
entire length, 
Type 2 beams are members of variable moment of inertia for which 
the variation of moment of inertia may be expressed by an equation, 
while 
Type 3 beams are beams of variable moment of inertia for which 
the variation of moment of inertia cannot be expressed by an equation. 
Although many books contain the slope-deflection equations for 
Type 1 beams, the derivation of the equations for the special case of 
constant moment of inertia will be given in order to more clearly show 
the similarity of the expressions used for constant moment of inertia 
and for variable moment of inertia. 


Type 1 Beams 


Let the beam shown in Fig. 1(a) represent any beam that is loaded 
with a load P and which is restrained at the ends by end moments as 
shown. If the effect of the end M4, is considered, the beam will 
deflect as shown in Fig. 1(b). From the relation that the angular 
deflection at the end of a beam is equal to the reaction at that end 


due to the beam being loaded with the a diagram, we have: 


4 











Maal 
—A,0,4 = ——4= 
air 3E1 
(1) 
Maal 
A.05 = —- 
_ 6EI 
For the moment M gu, there results: 
Maal 
a= 4 8 aut 
AWA 6EI 
es (2) 
3 = if BA 
40s ™ “SRI 
And for the concentrated load: 
A.Xo 
AO, = —S* 
Os” Bi 
.. (3) 
A.(l — z,) 
— eae 1 
oe Ell 


where: 
A, = area of moment diagram due to the load P, and 
xz, = distance from end B to the center of gravity of the moment 
diagram. 
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Fig. 1-4 


The total angle at the ends is: 


Maal Men al ’ A ot 
Oa = A104 + AGO4, + AOn = +— —- = + 

ie One slits is 3EI = 6El «C2 

M al M pal 1,(l ” 
4 A o( Sed 
Op = A:Op + Ap + Ag = ——42 + —8* - Oe 
ee eee P ? 6EI ° 3El Ell 

If now one end of the beam has a linear displacement of d with respect 
to the other end, the angular expressions of equation (4) must be 


, a cr 
modified by the addition of the term R = ny Equation (4) then 


becomes: 

















pares 
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M A sl M pal A ot 





ee ie a in 
ee ol (5) 
_ —_Masl , Maal _ Ad(l — x.) 
8s = —GEI * 3EI mt * 


Solving the expressions of equation (5) for the moments M4, and 
Mazza in terms of the deflections 04, 0g and R, and the load terms, 
there results: 

Map = 2EK (204 + Og — 3R) — Cap 


Mpa 


(6) 


2EK (0, + 208 — 3R) + Coa 


where: K = Lf 


and C4, and Cg, are the fixed end moments. 


The expressions of equation (6) are the standard slope-deflection 
equations for constant moment of inertia. The derivation of these 
expressions may be found in many other papers and in texts, among 
which might be mentioned Bulletin No. 108 of the University of 
Illinois. The values of C4z and Cg, may also be found in these other 
publications; so will not be discussed here. 


Type 2 Beams 

Let the beam shown in Fig. 2(a) represent any Type 2 beam, with 
a variable moment of inertia that can be expressed by some kind of 
equation. As before, we have the load P and the moments M4, and 
Meza acting on the beam. However, an inspection of the moment 
diagram for the load P, Fig. 2(d), shows that this moment diagram 
may be considered as made up of two smaller triangular areas: area 
@) and area (2). Area () is seen to be similar to the Mg, diagram, 
while the area (2) is similar to the M4, diagram. Since the moment 
diagram due to the load P can be formed from parts of the end moment 
diagrams, the following discussion will be based upon the treatment of 
the end moments. 


Fig. 3(a) shows the end moment M4, diagram divided by the 
moment of inertia. The moment of inertia at any point, distance xr 


, “a , M 4: 
from A, is represented by J,. The ‘ordinate to the —+* 


4 
< z 


line at the 


same point is: 


a Mast il 


Jig 





and for the moment Mga: 
Mea: = Msa— 








ltl, 
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Multiplying by the increment of span, dz, gives the small areas 
shown in Fig. 3(a) and 3(b). If these small areas are considered as 
loads on the beam, and the reactions at A and B due to these loads 
are found, we have: 


(l — xr) 

Al —A,@4) - Bsa = a 

- d 
A( 02) = —Mae ieee r 

(7) 

4(—304) = ee Se — x)xrdx 

PEI, 
4( A688) = Mags 


PEI, 


The total angular rotation at the ends due to the end moments and the 
linear displacement of one end is: 




















de — r)*dxr Maa ('(l — x)xdzr > 
O4 = = —_——$$—$—$——<$ 9s = + & 
E EP Bis 
(8) 
i _ Mas f'(l — x)xdr A My dz R 
EP J . " El? Is 
Solving equation (8) for the end moments, we have: 
ou fT + onf- Cant _ Be ag | iBT ited 
Mig « 2S RE ! ' o/s J yzp 
. f7#f- ¢ - . D a -[ f (I Se] " 
& ~ if z » J = 
eth a 
of on) ladr li ape [. [- Ca piaes afer mall 6 
Maza _—— —— ——— Me -——— e - —_— xX EP 





rdz (‘(1- EPs “! (l—x)adx 
iE fT hang ia 


If now the variable moment a inertia be expressed as a ratio of some 
given constant moment of inertia, 7., we have: 
Ix = ol. = ' Se oe , .. (10) 

where: 

@ is a function of x and expresses the relative moment of inertia at 
any section as a ratio of the constant moment of inertia, J.. 

Substituting the value of 7, of equation (10) into the expressions of 
equation (9) and letting: 


‘x*dx 
l Jo @ 


CC, = bt —— a 


P f fide ¢ UL - 42 x)? "dx ES ade} 
¢ 


f (l — x)xdz 
l 
on Wee = ae ja]. 
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fs — xr)*dx 
“> f4j—4 di — evs - [fi ig — Dale} 


there results two a ed that are similar to the expressions of 
equation (6) and are: 
Maen = EK(C\04 + CO — [C. + C2] R) 








tae a es 5 us ee ae (12) 
Mpa = EK(C®@4 + C03 — [C2 + C;] R) 
5 I. 
where: K, = 7 


These equations are general and apply to any member of Type 1 or 2 

To the expressions of equation (12) must be added the load terms 
Caz and Czg,4. These load terms are the fixed end moments for a 
like span under the same loading, but the actual value of the terms is 
not the same for constant moment of inertia and for variable moment 
of inertia. In the following work, the terms C,, C2 and C; will be 
defined as the “beam coefficients’’ when used for beams, or girders, 
and as the ‘column coefficients’’ when used for columns. These 
coefficients are dependent upon the moment of inertia variation of the 
member and are independent of the load. The terms C4, and Cg, are 
called the “load coefficients” as their value depends upon both the 
moment of inertia variation and the load on the member. 

It is possible to determine two general expressions for the end 
moments in a different form. Fig. 4 shows the beam of Fig. 2 but with 
unit moments replacing the end moments M4, and Mgu. The result- 
ing angular deflections are shown in the figure. If equations are set 
up for the total angular deflection at the ends of the member, and if 
these equations are solved for the end moments My, and Mg, there 
result the expressions of equation (12), but equation (11) becomes: 





| es. 

Aa Ab — 3? 

file Bite. 

. Aa Ay B* 
ie OT, ie Sieber ek Uieaed Oe'sie ess 2 Pipitaksson wie ee 

Q.ar,— f' 


Cap = (Cie, — Cra»,)F 
Caa = (Cra, — Csay,)F 
where: 
F = Pl for concentrated loads, or 
F = vil? for uniformly distributed loads. 
The deflections a., a, and 8 are computed in the same manner as was 
done for A@, and AQ@z except that in the a., a, and 8 computations, 
both the end moments were set equal to unity. 
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For some cases the expressions of equation (13) are much easier to 
apply than those of equation (11). 


While equations (9) to (13) are applicable to haunched beams, it is 
sasier to derive special forms of the general equations for each case. 
This paper deals with three common cases. Fig. 5 shows the useful 
case of a symmetrical straight haunched beam. If the variable depth 
at any point in either haunch is expressed as a ratio of the depth at 
the center of the beam, we have: 


dx, = dtl m ———).. 0. = 141 +m —= 
al ; an 

dx, ° a(. tr mm it = + mt) Is. = I (: - m— mm : mz) 
° al a al 


+ 


and 


mr 
Qi = l rWi—= i 
at 


m mar \3 

g2 = 1+m — + — 

( a al 
These values of J, may be substituted into the general equations (9), 
or the values of ¢ into the expressions of equations (11); but the results 
would be so complicated as to be of little value. For this reason, the 
author has computed the beam and load coefficients for varying values 
of mand a. These values are given in the form of diagrams. It is to 


I 
be remembered that the value of K. =—for the beam must be com- 


puted for the section at the center of the span. Since the beam is 


“1 — x)*dr 'vda 
symmetrical, ——————_—_ = ——), OF @ = a, and C; = C 
e ’ 


I 
ls 
le oO ki 


With this relation the modified slope-deflection equations for the 
symmetrical beam becomes: 
Man = EKA(C\O4 + Cp — [Ci + CJR) — Cap 


Swe SAY =e 
Mea = EK(CiO4 + C208 — [C2 + CJR) + Cra 


The load coefficients have been plotted as influence lines for the 
fixed end moment at A. In order to obtain the fixed end moment at 
B, substitute (l — k) for k and read the value of the moment from the 
curves. In order to aid the designer who might wish to use uniform 
loads, the values of C4z have been computed for a uniform load of w 
pounds per lin. ft. These values have been plotted and are given. 
Since both the beam and the loading are symmetrical, Cag = Cpa. 
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Fig. 5-8 


Fig. 6 shows a special case of a haunched beam. The depth at 
distance xz from A is: 


d,; = a(1 + 7) and /, = 1) + ue ’ 
l l Ber ek .. (16) 


The beam and load coefficients for this beam have been computed 
and are given in the form of diagrams. The equations to be used with 
this beam, with the small end designated as A, are the same as the 
expressions of equation (12). Since the beam is not symmetrical, it is 
necessary to compute the values of both Caz and Cg, for both con- 
centrated and uniformly distributed loads. Notice that the end of 
the beam that has the greatest section has larger beam and load co- 
efficients than the other end. This observation often prevents a 
mistake in applying the wrong coefficient. 


It is sometimes desirable to use a curved beam for the sake of appear- 
ance, see Fig. 7. A very common curved beam is one with the lower 
face forming a parabola. One special case has been calculated and is 
given. Both the load and beam coefficients are given on the one 
diagram. These coefficients were calculated by using a variable 
depth as follows: 


—— a(1 + mr al - r])- I,, = 1(: otal — r|) 
al al 
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Type 3 Beams 

This type of beam includes all beams of variable moment of inertia 
that can not have the moment of inertia variation expressed by an 
equation. This class includes all irregular sectioned beams. 


The method of attack for this type of beam is the same as for 





Type 2 except that the integral signs are replaced by summation 
signs. If we define the following expressions: 
‘ . M, B . 
A, = Statical moment of the ——~~ diagram about end A 
Rae's Map ,. 
A, = Statical moment of the ——~— diagram about end B 
la M 
B, = Statical moment of the = ®4 diagram about end A 
“ie M , 
By, = Statical moment of the x = diagram about end B 
al me + 
a = Statical moment of the —“— diagram about end A 
—— M, . 
b = Statical moment of the —“—- diagram about end B 


we have: 


4 


z 


A Bs 
1 
BsAp — (Aa)* 
Aa 
ByrAg (Aa)? 
BAe (17) 
Od Ar 
ByApg — (Aa)* 
Cap = (C\b — Cra)F 
Cra = (Cob — Ca)F 
Equation (13) may also be used if it is noted that: 
Ap 
Qa 
Map 
Ba 
ah 
Mpa 
» mw Aa _ Bp (18) 
M AR Mapa 
Gla, b 
a&b, a 


Equations (17) and (18) may be used for Type 2 beams. 
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It is thought that the curves given for the three special cases will 
cover most design conditions. However, the general equations may 
be used at any time and for any kind of beam. For beams that have 
very odd outlines, the method given for Type 3 beams will often prove 
the most practical, even though the variation in moment of inertia can 
be expressed as an equation. 

COLUMNS 

The columns may be classified in a different manner to that of the 
beams. For the sake of simplicity, columns will be classified as follows: 

Class 1 columns are columns of constant moment of inertia for the 
entire length of the column height. This class of column requires no 
discussion. 

Class 2 columns are columns that have a variable moment of inertia 
that varies for the entire length of the column. 

Class 3 columns are columns of constant moment of inertia that 
frame into members stiff enough to affect the stiffness of the column, 
while 

Class 4 columns are a special case of Class 3, that is, columns with 
haunches. 

Class 2 Columns 

This class of columns embraces a great number of shapes. A common 
type of column is the battered column. If the batter is on only two 
faces, column coefficients may be obtained from the curves for beam 
coefficients for the beam shown in Fig. 6. For the case of a batter 
on all four sides, special curves had to be drawn. Note the change in 
nomenclature as shown on the graphs. In using these Column Coeffi- 
cients, note that the C; coefficient applies to the end with the largest 
section. The equation to be used is the same as equation (12) except 
that there is no load coefficient. 

Class 3 Columns 

Class 3 columns form an important class. If the beam AB, of the 
frame shown in Fig. 8(a), is deep with respect to the height of the 
column, it is evident that the column can not bend for the portion of 
its height that lies above the Section H-E. If it is accepted that the 
column cannot bend within the depth of the girder, this is equivalent 
to an assumption that the column has infinite stiffness above Section 


E-E, This means that for this distance the = diagram will be zero. 


4 


If we let: 


a 
ee ee 
a RL, Ge OULD a. Dvett Sek eee al) bi. Diva (19) 
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and if the column coefficients are obtained in a manner similar to 
that for the beams, there results: 
c, - He +e+)) 


(1 _ «) 
C, 2(2e + 1) 
; (1 — «)? * Re OF ha: Serre ae he Be (20) 
( nas 
l—e 


These column coefficients are to be used in expressions similar to 
equation (12) except that there are no load coefficients. Since it 
was seen that the stiffer end of a member always had a larger beam, 
or column, coefficient than the other end, equation (12) must be used 
so that the C; values are for the end assumed as having infinite moment 
of inertia. It is also possible to have a case similar to that shown in 
Fig. S(b). It is evident that the haunch increases the stiffness of the 
column, but it is also evident that due to varying depth of the haunch 
the column does not have infinite moment of inertia for the entire 
depth of the haunch. There exists some point, distance e from A that 
represents the effective limit of the part of the column that has 
infinite moment of inertia. The value of e is indeterminate, but a good 
rule is to assume that e equals a + = 


for exterior columns and 


dy 2md, 
2 3 
e, there results the same value of equation (20) for the condition of 
columns framing into haunched beams. Values of C;, C2 and C; have 
been computed for varying values of ¢ and the results plotted. 


° ° ° ° d, . 
for interior columns. If, in equation (19), - is replaced by 


Since the column coefficient was seen to depend upon e and this in 
turn depended upon the value of md, it is seen that a short haunch 
would figure to have the same stiffening effect that a long haunch 
would. In order to prevent such cases arising, and in order to include 
the effect of the length of the haunch, i. e. al, another method is sub- 
mitted in the following special case: 

Class 4 Columns 


This class of columns is a special class calculated to provide a 
method of considering the stiffening effect of the girder haunches on 
the columns. The method is to assume that the haunches are part of 
the beam in order to determine the beam and load coefficients for the 
beam. Then consider the haunch as part of the column and find the 
corresponding column coefficients. These column coefficients are to 
be calculated by one of the general equations given for the beams. 
Let it be assumed that the value of m and a have been determined for 
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the beam. It is now required to find the corresponding m and a 
values for the columns. For clearness, let us use the subscripts b for 
beams and ¢c for columns with the m and a ratios. 


Fig. 9(a) shows a frame with haunches while Fig. 9(b) shows an 
enlarged view of joint A. In addition to the nomenclature already 
developed, and that shown in Fig. 9, the following ratio is required: 





As it had been assumed that m, and a, are determined first, it is neces- 
sary that the relation between m,, m., a, and a, should be known. 
Although it is possible to determine m,. and a, from m, and a, by 
geometry, the following two expressions will prove very useful: 

— a(2m, +1) _ 1 


Me = — 


2mor 2 
a. = e(2m, + 1) — er 

. ~ 
After the m, and a, ratios have been determined, there remains the 
task of finding the column coefficients. The author has prepared 
diagrams giving the values of C,, C2 and C; for a wide range of values 
of m, and a,. These coefficients are to be used in expressions similar 
to equation (12) but without the load coefficient terms. Note that 

C, applies to the end of the column that has the haunch. 


The equations and diagrams (See Diagrams 1-17) given will allow 
the designer to consider the effect of variable moment of inertia with 
the same ease as if the members were constant moment of inertia. 
In many cases the effect of neglecting the stiffening effect of a haunch 
will give results too much inerror. As an illustration of the effect of 
haunches, and as an example to show the application of the curves, 
the following frame will be analyzed: 


























The Modified Slope-Deflection Equations 121 



























P\A=04_ 
f ke =463 
"Sere 
oie. ota G 
Sire ee be ) [Ac=4 728 ke 10 
¥ 46" 
30°O” __.. Frame syrmerical 
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The frame shown in Fig. 10 has dimensions and loading as shown. 
The first step is the determination of the coefficients for the girders. 
We have: 

vs ” ‘ " 
,= eBiiu (0.2 my = a 0.8 
30’-0” 25” 
From the beam coefficient curves we find for a = 0.2 and m = 0.8 the 


a 


following values: 

C, = 7.196 Cy = 4.608 
From the load coefficient curves, we find: 

Caz = 0.1047 Pl = 3.141P Cra = 0.1829 Pl = 5.487P 
Assuming that the columns are Class 3 columns, we have for the 
column A-D: 

_ 20 sae : 

e = 12.5" + ry = 19.167 . € = 0.106 
From the column coefficient curves, we have: 

C, = 6.25 Cz, = 3.033 C3 = 4.475 
For the column B-E we have: 

e = 25.833” ¢« = 0.143 C, =7.39 C.= 3.502 C; = 4.666 

Applying the modified slope-deflection equations to the joints at 
A, B and C, and considering the columns as a free body, we may set 
up the following four equations for the frame: 

(1) 39.5704 + 21.320, — 9.28R = 4+3.141P 

(2) 21.3204 + 79.4102 + 21.320¢ — 18.82R = —5.487P 

(3) 21.3202 + 39.570¢ — 9.28R = 0 

(4) 9.280, + 18.8202 + 9.2860¢ — 66.52R = 0 

By solving these four equations simultaneously for the unknown 
deflections 904, 92, Oc and R, and substituting these values in the 




















122 JOURNAL OF THE AMERICAN ConcreETE [NstTITUTE—Proceedings 


original moment expressions, the moments at the ends of the members 
are determined. These moments are given on the sketch of the frame. 
In order to compare the frame with haunches to the frames without 
haunches, the frame was calculated without haunches and the two 
sets of moments are: 

Meza (Frame without haunches) = 3.2692P 

Maza (Frame with haunches) = 4.3486P 

Mac (Frame without haunches) = 2.2350P 

Mac (Frame with haunches) = 2.8307P 

Moe (Frame without haunches) = 1.0342P 

Maze (Frame with haunches) = 1.5179P 

It is seen that it is possible for the haunches to cause large increases 
in the end moments. For the moment Mg, the increase is 33.0 per 
cent, for Mgc 26.6 per cent and for Mz 46.8 per cent. 

Since it is possible to get such large increases in the end moments, 
it seems inadvisable to neglect the effect of the haunches because of 
the time required to take them into consideration. It is hoped that 
the equations and curves given in this paper will eliminate the differ- 
ence in time needed to design the structure when the members are 
considered as having a variable moment of inertia. 
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The Modified Slope-Deflection Equations 
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The Modified Slope-Deflection Equations 
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Readers are referred to the JourNnaw for February, 1932, for discussion 
Such discussion should reach the Secretary by Jan. 1, 1932. 


develop. 


which may 

















Discussion of paper by C. A. Hughes and A. S. Levens: 


“STRENGTH AND SHRINKAGE OF Morrars MADE WITH 
BLENDS OF PORTLAND CEMENT AND POZZUOLANIC 
MATERIALS’’* 


BY THOS. E. STANTON, JR.T 


More than two years ago the Materials and Research Department 
of the California Division of Highways began a study of the pozzuo- 
lanie activity of pumicite from two deposits near Friant, Fresno 
County. This pumicite is the same as the Fresno pumicite tested by 
Messrs. Hughes and Levens and also by Lewis H. Tuthill, as reported 
in his discussion of the Hughes and Levens paper.t 

The investigation was begun when the Fresno pumicite was being 
actively promoted as a substitute for a portion of the cement used in 
state highway construction. 

As the California State Highway standard specifications call for 
six sacks of cement to the yard of concrete, the first series consisted 
entirely of 1:2 mortar specimens. 

Later the study was expanded to include 1:3 mortar mixes and still 
later a series was started to compare the strength of concrete cured in 
air with that cured in the laboratory moist closet. 

The oldest tests available, therefore, include 1:2 mortar specimens 
only, whereas, the latest series, 90 days old, consists of two sets of 1:3 
mortar concrete specimens, one set cured in the moist closet and one 
set cured in water 28 days and then placed in the open air and exposed 
without further curing to the sun and high summer temperatures 
which prevailed in the summer of 1931. Enough specimens have been 
prepared in all series to break at the end of five and ten year periods. 

When the first laboratory series was started a section of concrete 
pavement was under construction in the Imperial Valley where high 
temperatures and low humidity prevail in the summer. Advantage 
was taken of this situation to determine the effect of the addition of 
different precentages of pumicite to the pavement concrete without 
reducing the cement content. Cores are being cut on this project and 
tested periodically. 

*A, Cc. I. JouRNAL, Dec., 1930, Proceedings, Vol. 27, p. 3 


17 
tMaterials and Research Engineer, State of C alifornia, De pt of Public Works, Division of Highways 
tA. C. 1. Journat, April 1931, Proceedings, Vol. 27, p. 1021. 
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In the first series all additions or substitutions of pumicite were by 
volume of cement. In the latest series, however, the percentages were 
by weight of cement. Therefore, in the first series where substitution 
of cement was made the pumicite replaced the cement only, the sand 
remaining constant, whereas, in the last series, substituting by weight, 
there was a surplus of admixture above the amount required to replace 
the cement. The results were very probably somewhat affected by 
this excess. 


A limited number of tests were made to determine the pozzuolanic 
action on hydrated lime not only by the pumicite but also by a silica 
dust secured from a Los Angeles manufacturer. The method followed 
was similar to that described by Tuthill. A mixture of one part 
hydrated lime and two parts admixture by weight was made, using 
only sufficient water to make a plastic mixture, and cast in 2x4 in. 
cylinders. The specimens were stored in the moist closet until 
broken. 


Additional tests were made to determine the cementing value of 
the different materials when dried in an oven and broken at 48 hours 


The following compressive strengths were obtained: 


Lbs. per Sq. In. 


Dry at 48 hrs 28 da, 90 da. 

Hydrated Lime _: 106 140 290 
Pumicite No. 1..... 29 36 26 
Pumicite No. 2 ai itlere casei ‘ 11 16 14 
ed dan eect ne p08 33 32 39 
Hydrated Lime and Pumicite No. 4, 195 357 581 
Hydrated Lime and Pumicite No. 2....... 79 266 564 
Hydrated Lime and Silica Dust. 74 93 161 
Hydrated Lime and Silica Dust (minus 200). 88 : 


CONCLUSIONS 

The tests check results secured by other agencies tending to prove 
that the effect of the so-called pozzuolanic materials is much more 
marked in lean than in rich concrete mixtures. 


No final conclusions can be advanced at this time, however, as to 
how much, if any, increase in strength can be attributed to the pozzuo- 
lanic properties of each admixture used and how much may be due 
to an increase in the density of the mixture and consequent reduction 
in void volume. 


While the tests made at the California Highway Testing Laboratory 
do not check the extravagant claims of some promoters of pumicite 
as an admixture, all tests do show that at early ages up to two years 
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there is no apparent decrease in strength when the cement is held 
stationary and that some additional strength can be anticipated due 
either to pozzuolanic action, or to a better graded mix or a combina- 
tion of both factors. It must be borne in mind that all of these tests 
have been conducted on masses of concrete with large surface areas as 
compared with the volume. No studies have been made to determine 
the effect in the interior of large masses, or under deficient curing con- 
ditions, nor are any figures available to show what, if any, the effect 
on the concrete will be over a long time. 


TABLE | 


Fresno pumicite No. 1, Monolith cement—Series started March, 1929. 

All figures in Tables 1, 2, and 3 represent the average of 5 2x4-in. cylinders. 

The additions and substitutions were made by volume of cement to give the same yield as the 
standard 1:2 mix. 


Mix Compressive Strength—Lbs. per sq. in. 
Substitution (By volume) 7 Days 28 Days | 90Days | 180 Days | 1 Year 
bs % Lbs. % Lbs. % Lbs. % Lbs. % 

1 ct. —2 sd. 4614) 100 7435) 100 8916; 100 | 9416; 100 | 9650; 100.0 
(.9 ct. +.1 Pum.) —2 sd 4075} 88.3) 6721] 90.4) 8111} 91.0) 8689) 92.3) 9234) 95.7 
(.8 ct.+.2 Pum.) —2 sd 330°; 71.6) 5682) 76.4) 7136) 80.0) 7987) 84.8) 8273) 85.7 
(.7 ct. +.3 Pum.) —2 sd. 2610, 56.5 4747 | 63.8) 6195) 69.5 7104 75.4) 7604 78.8 
(.6 ct. +.4 Pum.) —2 sd. 1974, 42.7) 3805) 51.2) 5286| 59.3) 6097) 64.8] 6681! 69.2 
(.5 et. +.5 Pum.) —2 sd. 1344; 29.1) 2695) 36.2) 4052) 45.4) 5273) 56.0) 6664) 69.1 
(.4 ct. +.6 Pum.) —2 sd. 851 18.4 1825| 24.5) 2955! 33.1! 4305) 45.7) 5162) 53.5 
(.3 et. +.7 Pum.) —2 sd. 494) 10.7) 1084) 14.6) 2175) 24.4) 3461|) 36.8) 4259) 44.1 

Admixture (By volume) 

(1 et. +.1 Pum.) —1.90 sd. 4727, 102.4 7500; 100.8) 9124! 102.3) 9682) 102.8) 10409; 107.9 
(1 et.+.2 Pum.) —1.80 sd. 4617, 100.0) 7325, 98.5) 9215) 103.3) 9942) 105.6) 10877) 112.7 
(1 et. +.3 Pum.) —1.70 sd. 4331 93.8 7338 98.7 9085; 101.9 9566) 101.6) 10391 | 107.7 
(1 et.+.4 Pum.) —1.60 sd. 4455) 96.4) 7290) 99.4) 8890) 99.7) 9988!) 106.1) 10734) 111.2 
(1 ct. +.5 Pum.) —1.50 sd. 4396 95.2 7156 96.2 8955, 100.4 10133 107.6 10890 112.9 


TABLE 2 


Fresno pumicite No. 2, Monolith cement—series started Maren, 1929. 






Mix Compressive Strength—Lbs. per sq. in. 
Substitution (By volume) 7 Days 28 Days 90 Days 180 Days 1 Year 
bs. % Lbs. % i Lbs. % Lbs. % , Lbs. % 
l et. —2 sd 4649, 100 7636) 100 9228 100 9812) 100 10202, 100.0 
9 ct. +.1 Pum.) —2 sd. 3054 85.1 OSO5 8Y.1 8533 S767 89.3 9331 91.5 
(.8 ct. +.2 Pum.) —2 sd. 8292 70.8 5877| 77.0 7493 8267 84.3 8754 S5.S 
(.7 et. +.3 Pum.) —2 sd 2519) 54.2) 4675! 61.2) 6227 7234| 73.7) 7681| 75.3 
6 ct. +.4 Pum.) —2 sd IS38| 39.5) 3565) 46.7) 5149 5948) 60.6) 6539) 64.1 
5 ct. +.5 Pum.) —2 sd 1266; 27.2) 2532) 33.2 3022 4831 49.2) 5649) 55.4 
(.4 ct. +.6 Pum.) —2 sd 786; 16.9) 1623) 21.3) 2727 3727) 38.0) 4688) 45.9 
(.3 et. +.7 Pum.) —2 sd. 448 9.6 941) 12.3) 1786) 2708; 27.6) 3539) 34.7 
Admixture (By volume) | 
(1 et. +.1 Pum.) —1.90 sd. 4727) 101.7) 7857) 102.9) 9481/ 102.7! 9850) 100.4) 10883) 106.7 
(1 et. +.2 Pum.) — 1.80 sd 4770 102.8 7662, 100.3 9429) 102.2) 10234) 104.3) 11020) 108.0 
(1 et. +.3 Pum.) —1.70 sd. 4442 95.6 7578 9.2 9075 98.3) 10056) 102.6) LOSS3) 106.7 
(1 et. +.4 Pum.) —1.60 sd. 4461, 95.9 7117) 93.2) 9202) 99.7) 10131] 103.3) 11117) 109.0 
(1 et. +.5 Pum.) — 1.50 sd 4383 04.3 7105 94.2 9144) 98.1 9728; 99.2) 10747) 105.3 
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TABLE 3 


Silica Dust, Monolith cement—series started Nov. 1929. 


A — 


Substitutions (By volume) 7 Days 
8. / 


bs bs % 

1 ct. —2 sd. 4162) 100.0) 6792) 100.0) 8500! 100.0 
(.9 ct. +.1 sil.) —2 sd. 3636| 87.4) 6272) 92.4) 7493) 88.2 
(.8 ct. +.2 sil.) —2 sd 3090; 74.3) 5396) 79.4 6642) 78.2 
(.7 ct. +.3 sil.) —2 sd 2396; 57.6) 4389; 64.6) 5279) 62.1 
(.6 ct. +.4 sil.) --2 sd 1828; 43.9) 3247! 47.8) 4266) 50.2 
(.5 et. +.4 sil.) --2.1 sd 1338) 32.2) 2487) 36.6) 3162! 37.2 
(.4 et. +.6 sil.) —2.1 sd 844; 20.3) 1539) 22.7) 2110) 24.8 
(.3 ct. +.7 sil.) —2.1 sd 520} 12.5 922; 13.6 1188) 14.0 

8 et. +2.2 sd. 2682; 64.4) 4903) 72.2) 6078) 71.5 

6 ct. +2.3 sd. 1286, 30.9) 2448 36.0) 3298!) 38.8 

A ct. +2.4 ad. 513 12.3 041 13.9 1165 13.7 

Additions (By volume) 

1 ct. —2 sd. 4123 100.0) 7175 100.0 8526) 100.0 
(1 et. +.1 sil.) —1.95 sd 4344 105.4; 7168 99.9 8669) 101.7 
(1 ct. +.2 sil.) —1.85 sd 4338) 105.2) 7032, 98.0) 8584) 100.7 
(1 ct. + .3 sil.) —1.75 ad 4448 107.9) 7116) 99.2) 8461 99.2 
(1 et. +.4 sil.) — 1.65 sd 4403) 106.8) 6993) 97.5) 8481! 99.5 
(1 ect. + .5 sil.) —1.55 sd 4428) 107.4) 7351) 102.5) 8371 98.2] 

TABLE 4 
German Trass, Monolith cement—series started Nov. 1929 
Compressive Strength— Lbs 
Substitutions (By volume 7 Days 28 Days 90 Days 
-bs. Y Lbs % bs % 

1 ct. —2 sd 4662! 100.0) 7350) 100.0) 8693! 100.0 
(9 et. +.1 tr.) —2 sd 3695 79.3) 6026 82.0 7032 80.9 
(.8 ct. +.2 tr.) —2 sd 307'.| 65.9) 4889) 66.5) 5883) 67.7 
(.7 et. +.3 tr.) — 2 ad 2234 47.9 3922 53.4 4850; 55.8 
(.6 ct. +.4 tr.) —2 ad 1701 36.5) 3195) 43.5) 4285) 49.3 
(.5 et. +.5 tr.) —2 ad 1156) 24.8 31.5) 3538) 40.7 
(.4 et. +.6 tr.) —2 ad 747; 16.0 21.4) 2636) 30.3 
(.3 et. +.7 tr.) —2 ad 422 9.1 13.0) 1766) 20.3 

& ct. —2.2 sd 3227; 69.2) 71.8) 6389| 73.5 

6 ct. —2.3 ad 1649 35.4 41.3 3772 43.4 

4 ct. —2.4 sd 708' 15.2 16.0) 1552) 17.9) 

Additions (By volume 

1 ct. —2 ad. 4123) 88.5 97.6) 8526) 98.1 
(1 et. +.1 tr.) —1.90 ad 4013) 86.1 93.7 7890) YO.S 
(1 ect. +.2 tr.) — 1.80 sd 3904, 85.7 89.7) 7850) 90.3 
(1 et. +.3 tr.) —1.70 ad 3811 S18 89.2) 7915; 91.1 
(1 et. +.4 tr.) — 1.60 ad 38906 83.6 87.0 7552; 86.9 
(1 et.+.5 tr.) —1.50 ad 3707| 79.5 RS 6 7974) 1.7 

TABLE 5 
Fresno pumicite No. 1, Monolith cement—series started Dec. 1929. 
Compressive Strength—Lbs 
Substitutions (By volume) 7 Days 28 Days 90 Days 
bs. % Lbs Y bs G 

1 ct. — 3 ad. 2409' 100.0) 4162) 100.0, 5260; 100.0 
(.9 ct. +.1 Pum.) —3 sd 1928| 80.0) 3400! S1.9% 4331) 82.4 
(.7 ct. +.3 Pum.) —3 ad 1220; 50.7) 2149; 51.7) 2009) 55.3 
(.5 et. +.5 Pum.) —3.00 ad 500} 24.5) 1006) 24.2) 1500) 28.5 

Additions 
(1 et. +.1 Pum.) —3 ad 2500) 103.8) 4266) 102.5) 5227; 90.4 
(1 et. +.3 Pum.) —2.72 ad 2507! 107.8%) 4565) 100.7 S818) 110.6 
(1 et. +.5 Pum.) —2.55 ad 2710; 112.5 4636 111.4 5974, 113.6 


Compressive Strength—Lbs 


28 Days 90 Days 
oF ’ 





Proceedings 


per sq. in 


180 Days 


Lbs Y 
9157) 100 
8020) 87. 
6987 76 
5636, 61 
4422 48. 
3285) 35. 
2130 23 
1325 14 
6520 71 
3525 $8 
1272) 13 
8832 100 
9027; 102 
9000; 101 
8962) 101 
8942, 101 
S884 100 
per eq. in 


180 Days 
Lbs Y 


9130; 100 
7422) 81 
62908 69 
5A28) 50 
4707, 51 
3909 42 
3039; 33 
2188) 24 
6649) 72 
3531 42 
1552 17 
$832) 100 
8734 Os 
&R45) 100 
8305 94 
8740 9 
8773, 99 


per #q. in 


180 Days 


Lbs o/ 
JAS5|) 100 
4004 s4 
3305, 60 
2084 3s 
5688S) 104 
6077, 111 
6532) 120 


SE? ie | 


7 
s 
9 


1 Year 
Lbs // 
9079| 100 
8221 90 
7006 77 
5772) 63 
4519; 49 
$441 37 
2175 24 
1376 1S 
6578 72 
3461 3S 
1201 13 
8741 100 
9215, 105 
9085, 103 
8004) 102 
9202, 105 
BOSS, 102 

1 y ear 
Lbs % 
9592, 100 
7844 SI 
655 68 
5837) 60 
4766 49 
4104 2 
3441 35 
2526 26 
6850; 71 
3045 41 
1454 15 
8741) 100 
9059) 103 
R715 a9 
BOSS) OS 
8792) 100 
BS3S (101 

1 Year 
Lbs % 
5616) 100 
4041 SS 
3974 70 
20602 47 
HO58) 107 
6So6 22 
7214) 128 


3°) 
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TABLE 6 


Silica dust Monolith cement—series started Dec. 1929. 

Each result represents average of 5 2x4-in. cylinders. 

The additions and substitutions were made by volume of cement. 
All mixes given by volume. 

All mixes give same yield as standard mix 1 ct. —3 sd. 


Compressive Strength—Lbs. per sq. in. 


" 


Substitutions (By volume) 7Days | 28 Days 90 Days 180 Days 1 Year 
bs % | Lbs. % Lbs. % bs. % Lbs W/ 
1 ct 3 sd 2409) 100.0 4162) 100.0 5260) 100.0 5435) 100.0 5616) 100.0 
9 ct. +.1 sil 3.00 sd 2110; 87.6) 3753) 90.2) 4409) 83.8) 4550) 83.9) 4786)" 85.2 
7 ct. +.3 sil.) — 3.04 sd 1266 52.6) 2130 51.2 2928 55.7 2980 54.8 3091 55.1 
5 et. +.5 sil.) —3.09 sd 643) 26.7 974) 23.4) 1350) 25.7) 1584) 29.2) 1682) 30.0 
Additions | 


1 ct. +.1 sil.) —2.94 sd 2584) 107.3 $344 104.4 5311 101.0) 5526) 101.7 5734) 102.1 
1 ct.+.3 sil.) —2.80 sd 2805 | 116.5 4578) 110.0) 5753) 109.4) 6117) 112.5) 6409) 114.1 
1 ct. +.5 sil.) —2.65 sd. 3039} 126.2) 4753, 114.2) 5837) 111.0) 6188 113.8) 6428) 114.4 
! 
TABLE 7 
Trass (from Germany), Monolith cement—series started Dec. 1929. 
Compressive Strength—Lbs. per sq. in 
| i 
Substitutions (By volume 7 Days i 28 Days 90 Days 180 Days 1 Year 
Lbs. Y% | Lbs. % bs % Lbs q Lbs % 
l ct. —3 sd. 2409 100.0) 4162! 100.0) 5260] 100.0) 5435! 100.0) 5616! 100.0 
9 ct. 4.1 tr.) - 3 ad. 1818; 75.5) 3103; 74 6) 4110) 78.1 4142; 76.2 4486, 79.9 
7 ct. -+.3 tr.) —3 sd. 980| 40.7] 1916) 46.0) 2707) 51.5) 3052) 56.2) 3331) 59.3 
(.5 et. +.5 tr.) —2.90 sd 4580) 19.9) 928 22.3 1733 33.0 2045 37 .6 2279 40.6 
Additions | \ 
1 ct. +.1 tr.) —2.93 sd 2428; 100.8) 3928) 94.4) 4831) 91.9) 5312) 97.8) 5467) 97.3 
1 ct. +.3 tr.) —2.75 sd 2428; 100.8) 3857; 92.7) 4980) 94.7) 5512! 101.4) 5746) 102.3 
1 ct. +.5 tr.) —2.65 sd 2357! 97.8 4000) 96.1 5324) 101.2) 5565) 102.4 5857); 104.3 


TABLE SS 


30.0 Per cent Pumicite Addition (By volume of cement), Monolith cement 
Yield—6 sacks cement to 1 cu. yd. of concrete 
Mix—Plain concrete 1:1.80:3.66. W/C 0.76 
Pumicite concrete 1 +0.30:1.62:3.66 wee OS] 
Slump— About 2 in 


series tested April, 1929 


Plain Concrete Pumicite Concrete 
28 Day W775 100.0% 4775 94.1% 
| 90 Day 5895 100.0% 6250 106.0% 
| 180 Day 6375 100.0°% 6860 107 .6% 
| 1Yr 6725 100.0% 6545 97 .3% 


Each result represents the average of 5 6x12-in. cylinders 


TABLE 9 
Imperial Valley Admixture Test (1929 series), Pavement laid May 13, 1929 
i 


All pavement dyked. Dykes kept filled with water 10 days. All admixt 
standard six sack concrete 


Compressive Strength of Cores Drilled from Pave 
14 Davs 28 Days 3 Mos 6 Mos 
Process Av. |[% off Av. |% off Av. 1% off Av. 1% of 
Str Std Str. Std Str. | Std Str. | Std 
Standard 6 sack concrete = 3575.100.0) 4074 100.0, 4383 100.0) 4488 100.0 
Pumicite No. 1, 30% 
(Wt. et 3170) SS.7) 3686) 90.5) 4575 104.4) 45k 100.6 
Pumicite No. 1, 15% 
(Wt. et.) 3398) 05.0) 4108/1008) 4721 107.7) 46390 1038.4 
Pumicite No. 2, 10°, 
(Wt. et 3563 99.6) 4024) OS.8 4430 101.1) 4553 101.4 
Pumicite No, 2, 20% 
(Wt. et S505) OS.0) 4268 104.8 4222 ON 6 1407 100.2 








ures were added to the 


ment 


1 Yr 2 Yrs 


Ay |, of] AV % ot 
Str Std.) Str. | Std 


5460 100.0) 5148/100.0 
4004) 91.5) 5213 101 


468 100.1) 5100) 99.1 


5161) 94.5) 4908) 95.3 


5150) 94.3) 5039) 97.9 
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TABLE 10—SUMMARY OF COMPRESSIVE STRENGTHS FOUR-SACK ADMIXTURE CONCRETE 
(1931 sERIES) 


Standard mix—no admixture 
Mix: 1:3.00:5.39 
Yield: 4.03 sacks per yard 
Water: 70.0 pounds per sack cement 
Water cement ratio: 1.12 
Slump: 4” average 
Specimens cast between 4-27-31 and 5-11-31; broken between 7-23-31 and 8-11-31. 





| Water Compressive Strength—3 Months 
| —- — ee - - _ — = = 
, Yield | Cured in Water | Cured in Water 28 
% Admixture Sacks | Pe - a 90 Days | Days—In Air 62 Days 
Cement; 2°& | Water Slump oaths |. 
Per Yd.| Sack | Cement : 
by WeightCement} Conc. | Cement | Ratio Stand-|Admix-| Ratio | stand-|Admix-| Ratio 
| Lbs. | ard ture | Admix.| dard | ture | Admix 
to Std. | to Std 
Pumicite No. 1 
10% Addition 4.08 | 70.0 1.12 { 2385 | 3060 | 128.3 | 2415 | 3060 | 126.7 
20%, Addition 4.07 70.0 | 1.12 1% 2360 | 3700 | 156.8 | 2475 | 3450 | 139.4 
30% Addition 4.05 70.0 1.12 1% | 2480 | 4010 | 161.7 | 2490 | 3740 | 150.2 
10% Substitution | 3.66 77.8 1.25 % | 2385 | 2640 | 110.7 | 2415 | 2680 | 111.0 
20% Substitution | 3.23 87.6 1.40 lg 2360 | 2685 | 113.8 | 2475 | 2525 | 102.0 
30% Substitution 2.82 100.1 1.60 14 2480 | 2295 92.5 | 2490 | 2170 87.2 
Pumicite No, 2 
10% Addition 4.03 70.0 1.12 6 2390 | 3025 | 126.6 | 2415 | 3240 | 134.2 
20% Addition 4.04 70.0 4.39 % 2360 | 3445 | 146.0 | 2475 | 3280 | 132.5 
30% Addition | 4.03 70.0 1.12 % 2480 | 3800 | 153.2 || 2490 | 3595 | 144.4 
10% Substitution 3.65 77.8 1.25 A 2385 | 2505 | 105.0 | 2415 | 2565 | 106.3 
20% Substitution 3.24 87.6 1.40 MM, 2360 | 2350 99.6 | 2475 | 2260 91.3 
30% Substitution 2.84 100.1 1.60 lo 2480 | 2095 84.5 || 2490 | 1970 79.1 
10% Addition 4.05 70.0 3080 | 111.0 | 2560 | 3080 | 120.3 
20% Addition 4.07 70.0 3375 | 121.6 | 2560 | 3300 | 128.9 
30% Addition | 4.04 70.0 3660 | 131.9 | 2560 | 3500 | 136.7 
10% Substitution | 3.64 77.8 2670 96.2 | 2560 | 2660) 103.9 
20% Substitution | 3.24 87.6 2100 75.7 | 2560 | 2180 85.2 
30% Substitution 2.84 100.1 1790 64.5 | 2560 | 1885 73.6 





TABLE 11—CHEMICAL AND PHYSICAL ANALYSIS MATERIALS USED IN 1931 TEST SERIES 
Chemical Analysis 


Pumicite No. 1 Pumicite No. 2 Silica Dust 
Silica (SiO2) 72.71% 75.57% 96.16% 
Iron (Fes) 1.41 14.80 0.96 
Alumina (Al:Os) 15 1.52 
Lime (CaO) 1.14 1.76 0. 59 
Magnesia (MgO) 0.25 0.20 0.12 
Soluble Silica 4.10 6.21 5.07 
Loss on Ignition 3.11 4.16 0.19 


; Physical Analysis 
A. Grading 


Screen Pumicite No. 1 Pumicite No. 2 Silica Dust 
325 05.4 04.4 88.0 
250 90.2 99.2 06.4 
200 » 99.6 WO. 4 07.8 


B. Weight Per Cu. Ft 


Loose 1.6 9.2 60.1 
70.6 S56 


Compacted 68 


=z 
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TABLE 12—COARSE AGGREGATE 


ly 





¢ in. to 149 in.: Hard crushed rock from Basalt Rock Co., near Napa, Calif. 


Below }4 in.: Round pea gravel from Del Paso Sand & Gravel Co., near Sacramento. 


Apparent Specific Gravity............... 2.72 Per Cent Voids Loose 
Wt. per Cu. Ft. Loose........ fusebe ae’ 105.1 Fineness Modulus 
Grading 
Screen Per Cent Passing Screen 
No. 3.. jb docu ewdsensees aun 5 1-in.... 
Lg-in... ; io Poca 26 114-in... 
DIMES vodedt cdl that es diese odedbess ieee 48 1\4-in.... 
Sand 


Source: Kaiser Rock Company, Livermore. 
28 day strength ratio to std, Ottawa sand. . 107 .( 
Apparent specific gravity rT 2 


Wt. per cu. ft. loose ne 


0 Per cent voids loose 


72 Fineness modulus 


Grading 


rT Tre eit ee 
7.38 


Per Cent Passing 








Screen Per Cent Passing Screen Per Cent Passing 
Wash : Zo dale 2 30 25.0 
, ‘ : ; 1.6 20 40.6 
80. , 5.6 10 69.4 
| ae ‘ fas F 12.8 ae . 100.0 
See ae previ ated el 
Chemical and Sieve Analysis of Golden Gate Cement used in 1931 Series 
Chemical Analysis 
Insoluble Residue. 0.72 Sulphur Trioxide, SO 1.43 
Silica SiOs........ 20.16 Loss on Ignition 1.20 
Iron and Alumina Fee, or AleOs ; 9.32 Sieve Analysis 
Lime, CaO... 63.20 Per Cent passing 200 sieve 89.0 
Magnesia, MgQ 1.97 
TABLE 13-—TEMPERATURE AND HUMIDITY RECORDS (1931 SERIES) 
(From United States Weather Bureau, Sacramento) 
Temp. Humidity Temp. Humidity Temp. Humidity 
Date Date Date Peas pe dS ‘ 
_ a a = a e a 3 a 3 
Sieizisia mPitialseia @1 EIS] 8] & 
B/S sla] sé Hi sis\/2zl a B/S elaleé 
Apr. 23| 62 | 46 | 89 | 72 | 77 Jun. 71 | 52 | 86 | 53 | 62 Jul. 9/ 99 | 50 | 76 | 36 16 
24; 68 | 47 | 89 | 66 | 52 72 | 51 | 88 | 61 | 70 10\100 | 59 | 71 | 40 | 11 
25| 72 47 S4 is OOD SO WO SO nO 47 11/102 | 65 | 48 25 7 
26) 72 | 53 | 91 | 84 | 76 88 | 51 | 88 | 50 28 12/101 | 63 | 63 | 29 | 16 
27| 74 52 | 86 | 77 53 7 55 | 87 71 SS 13) 90 % | 82 44 | 38 
28; 77 | 52 | 87 | 68 | 45 86 | 55 | 86 | 65 | 2 14; 82 | 57 | 82 | 46 | 47 
20' 76 | 50 | 8O | 64 42 78 | 58 | 86 | 54 52 15| 80 | SA | 91 | d«61 «| C35 
30/| S82 | 51 | 90 | 57 45 71 | 54 | 85 | 56 | SO 16; 92 | 52 | 93 | 39 | 16 
May 1) &2 ae | bl) 52 10 SO a | S7 55 45 17/103 6 SO 30 12 
2} 85 | 53 | 83 | 48 | 30 84 | 57 | 87 Ww) 40 18/106 | 65 | 51 | 25 | 13 
3) 86 3 | 85 | 38 | 26 | 88 | 57 | 86 6 | 34 19/105 | 60 | 68 | 46 | 26 
4| 88 | 51 | 87 | 51 | 31 92 | 56 | 85 | 48 | 31 20/96 | 58 | 70 | 46 | 29 
5| 87 | 51 | 89 | 47 | 20 91 | 57 | 75 | 42 | 40 21; 99 | 62 | 68 | 32 | 22 
6| 80 | 50 | 91 | 61 | 37 74 | 50 | 84 | 66 | 56 22/104 | 62 | 63 | 31 | 16 
7| Sl ‘4 87 27 14 71 St) 78 27 67 23/103 65 | 64 | 40 | 31 
8| 92 | 59 | 51 | 25 | :17 73 | 55 | 89 | 74 | 52 24|)103 | 63 | 61 | 47 | 59 
9| 94 | 61 | 47 | 22 / 13 81 | 53 | 85 | 60 | 39 25/106 | 68 | 60 | 38 | 19 
10) 92 | SS | 71 52 | 27 70 2 | 79 | G1 59 26/106 | 6S | S57 | 43 15 
11) 84 | 55 | 83 39 $1 75 7 85 | 62 | 56 27; 92 | 50 | 72 | 51 | 30 
2| 82 nS S2 61 45 Sl ob SO 45 44 Js SO os SO O7 45 
13) 72 N44 87 “ou SU SO 4 S7 1 $4 20! 8&7 in SO 55 2 
14; 73 | 53 | 8O | 77 | 56 87 58 | 79 43 | 37 30; 93 | 53 | 86 | 52 | 32 
15. SO 2 SO 54 10 SO 53 S4 i6 25 31) 90 53 85S 55 6 
16) 85 3 | O1 i a) 96 | 68 | 44 | 24 | 27 j|Aug. 1! 89 | 52 | 86 / 55 | 34 
17' 84 2 SO 20 11 100 | «64 65 4] 1 2) 97 53 91 6 23 
18, 86 | 59 | 67 | BO | 11 ow | 61 71 | 27 | 29 3/86 | 55 | 78 | 52 | 42 
19| 90 | 62 | 48 | 16 | 10 82 | 60 | 77 0) | 52 4; 84 | 55 | 80 | 51 | 36 
20| 90 | 67 | 30 | 2: 13 | SS | 52 | 87 | 43 | 36 »| SS 5 | 80 | 47 17 
21) 86 | 52 iss | 20 | 55 00 8S | S4 | 27 40 i 84 53 | 82 | 53 | 41 
22) 71 51 | 86 | 57 | 55 97 | 66 | 48 | 20 | 17 7|\ 92 | 50 | 85 | 48 | 20 
23) Sl 55 | Sl it} ” Jul 102 | 65 | 64 | 27 1S 8/96 | 52 | 79 | 49 | 12 
24; 70 | 83 | 75 | 78 | 73 2\)l04 | 63 | 70 44 12 9| 87 | 50 | 85 | 35 3S 
25) 72 2 | 86 | 70 3 3)107 | 73 | 36 10 13 10; 93 | 52 | 82 | 55 | 21 
26| 77 2 82 | 67 7 4100 75 31 25 8 11; 90 | 3S 78 | 53 24 
27; 92 3 | 82) 6O M4 51107 | 72 7 36 | 34 
28) U7 60 SO 41 10 6 al 62 3 32 ih 
20, YS 64 “4 a4 24 7; 93 yt} 75 no 23 
12 
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AUTHORS’ CLOSURE 

The authors are glad to know that their results are in general 
agreement with those of Mr. Tuthill. As was indicated in the paper, 
they agree with him that the advantages of pozzuolanic blends become 
more marked for later ages, particularly for continued moist curing. 
The authors were aware of European experience with blends of pozzuo- 
lanic materials and portland cement in regard to their resistance to 
corrosive agents, such as sea water, etc. They realized also the 
possibilities of such blends for large dam construction. However, 
since the data presented were so limited and confined to compression 
and linear change tests only, they did not feel justified in a lengthier 
discussion. They do not regard their data as definitely indicating 
the superiority of any of the four pozzuolanic materials under all 
conditions of use. 

The following data were obtained from readings of the linear 
change specimens taken at an age of 639 days: 


LINEAR CHANGE RATIOS FROM 156 TO 639 DAYS. SPECIMENS CONTINUOUSLY IN AIR 
OF LABORATORY 
] 





A Cement—10% N Cement—30% 























N Cement—10% | 

Substitution Substitution | Substitution 

| | i | ae | j —— 
Pozzuolana None| F | P| S | H |None| F | P |S | H| None] F | P|\s la 
cf a mf me fe fe | | ee | ee | | — - 

Linear Change relative to that of | | | 
plain specimens.............. 100 | 96 107 |103 110| 100 |106)102/101 100] 100 102) 91 |116|103 
j | j | | i 














From these data, it would appear that for air curing for the period 
shown there is but little difference between the linear changes of the 
mortars made with blended cements relative to those made with plain 
portland cement. The differences between the shrinkage values 
shown in Figs. 6, 7 and 8 for the first drying period (7-142 days) 
are approximately maintained for the second period of drying. 

The discussion by Mr. Lea is a very interesting indication of the 
attention being given to pozzuolanic materials by European investiga- 
tors. The data presented appear to corroborate those of the paper. 
The authors are interested particularly in the data given relative to 
artificial pozzuolanas. Pozzuolana H of the paper is of this class and 
gave very good results. Further investigation of this and similar 
materials are being made at the University of Minnesota. 

Mr. Stanton has presented a large number of valuable data. The 
authors regret that he did not discuss them at greater length. The 
strength advantage for pozzuolanic blends in the 1931 concrete series 
shown in Table 10 is particularly striking. The ratios are much higher 
than would be expected from the mortar tests of Tables 1, 2 and 5, or 
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the core tests of Table 9. However, a different cement was used for 
the 1931 series and the curing temperatures for the air-cured specimens 
were high. The data of the paper indicated that different reactions 
may be expected with different brands of cement and Mr. Lea has 
pointed out the rather large effect of temperature on pozzolanic acti- 
vity. Itis believed that the differences exhibited between the strength 
ratios of the 1931 and the earlier series are due to variation in brand 
of cement and in temperature rather than to a surplus of pozzolanic 
material as suggested by Mr. Stanton. 


























Discussion of Paper by S. C. Hollister: 


“STUDIES OF CONCRETE MIXTURES*” 


BY F. 0. ANDEREGGT 


The presence of a film of water separating the larger aggregate 
grains, having very low absorption and smooth surfaces, from the 
mortar, affects perceptibly the durability of concrete, because of the 
presence of a weak interface. On crushing, the mortar readily detaches 
from these aggregates. Alternate wetting and drying seems to pro- 
mote further detachment, while the crystalline products resulting 
from the entrance of sulfate bearing rain or ground waters find this 
interface a convenient locus for their growth, resulting in weakening 
and finally, complete disintegration. It is believed that the effect of 
this film ean be minimized greatly by choosing aggregates of certain 
minimum absorption rates, by longer mixing or by allowing the con- 
crete to stand, where practicable, for two to four hours and then 
remixing. 


The best statement of our present knowledge of the setting and 
hardening of cement is that of Hans Kiihl in Cement and Cement 
Manufacture, Jan., 1931, Vol. 4, p. 3. 


BY L. J. POND] 


Professor Hollister’s ten questions have presented themselves to 
almost every concrete worker the world over in some form or another, 
some of the answers will differ in different localities; my own observa- 
tions incline me to the following opinions: 


(1) The fatness of a mixture after prolonged mixing or working 
appears greater with gravel than with broken stone aggregates. 
Suspecting that this might be due to very fine silt adhering to the 
surfaces of the gravel and removed by abrasion during mixing and so 
distributed through the mix I once took a large sample of gravel appar- 
ently clean (it passed all the usual tests for cleanness) and divided it 
into two batches of exactly similar grading. 

*A.C. 1. Journat, April 1931; Proceedings, Vol. 28, p. 959 


tConsulting Specialist on Building Materials, Pittsburgh, Pa 
tJoppa, Midlothian, Scotland 
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I carefully washed one batch sample to remove everything below 
100 sieve and continued the washing until clear drinkable water was 
passing out of it. I then made up the two samples with the same 
amount of cement and water, carefully weighed out both lots of aggre- 
gate after drying off free moisture. 

Both were mixed for four minutes in the same mixer (a roller type. 
mill) and the slump taken of an amount large enough to fill a 9-in. 
pipe 2 ft. long, the difference in slump was approximately 6 per cent. 
The washed sample being the ‘‘harsher” and noticeably more difficult 
to place and bring to a smooth face. 

It was further observed that further mixing of the perfectly clean 
washed batch had no effect on the slump or workability, whereas the 
unwashed batch still further improved after 15 minutes mixing 
although the second eleven minutes were not so effective pro rata as 
the first 4 minutes. 

I concluded that the only way to account for the increased worka- 
bility was the removal of the fine material from the surface of the 
apparently clean but in reality silt-covered surfaces by abrasion of the 
larger particles and the better distribution of this fine material through- 
out the mass as well as its lubricating effect, permitting the particles 
to arrange themselves both within the mixer and during placing. 

(2) We think over here that one of the most frequent causes of 
crazing of troweled surfaces is due to bringing the fine silt in a mixture 
to the surface and its concentration there with ‘‘scum”’ of cement- 
“laitance” as it is sometimes called. 


The frequent squeezing of surface grains by the passage of a trowel 
to and fro across a freshly laid concrete causes the silt, possibly invis- 
ible in the sand but nevertheless adhering to the grains, to rise and 
forces it to find an outlet in the only direction possible, namely up- 
wards. Water being squeezed upwards at the same time brings with 
it the lighter and unfortunately less cementitious portion of the 
cement. We have then, a very thin skin of material composed of 
silt, and almost inert cement, diluted with perhaps 50 per cent water. 
Such a skin of material is obviously different from the true concrete 
immediately underlying it and its reaction on drying is much different. 
The surface strains set up by this drying out are greater than the 
material can stand because of its poor cementitious qualities. and it 
begins to crack in an effort to equalize those strains. 


A microscope or strong reading glass will show that these cracks 
are present within a few hours after troweling, depending upon how 
quickly the drying begins. Frequently cracks do not become visible 
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to the naked eye until soot, dust and dirt, have been deposited in 
them from the atmosphere and therein lies much of their mystery. 

I have further observed that the shape of “hair cracks” as we some- 
times call them over here, are based on hexagonal forms, very roughly 
of course but still traceable. It is a very pretty problem of crystall- 
ography whether there is any connection between these hexagon- 
shaped “hair cracks” due to equalizing surface strains of cement-sand 
surfaces, and snow crystals formed by frost action upon molecules of 
water which under the action of similar surface strains produce those 
beautiful hexagonal designs that Nature weaves for our delight in 
every particle of snow. It seems to me logical that there is something 
more than coincidence in these hexagonal forms taken up by materials 
so widely varied, as for instance, the hexagonal prisms of basalt of 
Fingal’s Cave, the snow crystals, almost without exception hexagonal, 
and silt-cement cracks also hexagonal. Doubtless these phenomena 
are another illustration of the wonderful skill of the Great Architect, 
if we could but understand His work and fathom the underlying law. 


Some of your readers are going to object to my theory of crazing 
and cracking of steel trowelled surfaces on the grounds that they have 
seen such cracks on surfaces that have never been touched by a trowel, 
steel or otherwise, but I feel I must conclude this discussion. 


BY GEORGE A. SMITH* 


Proressor Houuisrer has introduced a phase of concrete study 
which probably has a greater bearing on the application of concrete to the 
structural world than would hardly seem possible without first exam- 
ining the theory. It not only plays its part in the fabrication of con- 
crete structures, but in great measure determines their service. The 
subject, as it has been presented, deals particularly with conditions 
existing before concrete is placed, ready for curing. Though the author 
has considered the effect of variations in all the solid ingredients, the 
colloidality of the cement in the presence of the mixing water is of 
first importance. Some of the differences I have observed, in studies 
of the workability of concretes, are undoubtedly due to the formation 
of gels. Some of these have been most convincing, and I wish to point 
out a few of my experiences and offer a few thoughts, very much in 
support of Professor Hollister’s ideas. He indicates that the two major 
characteristics by which concrete is usually judged are (a) placeability 
and (b) strength, and that “In the practical use of concrete the work- 
ability of the mixture is of special importance.”’ It is my opinion that 
the concentration and distribution of a gel is not only largely respons- 





*Johns-Manville Corp., Manville, N. J. 
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ible for the different degrees of workability observed daily, but in the 
end determines the strength obtained. 

Cement, though comparable with other ground materials as to 
particle shape and size, has entirely different properties. Granular 
inert materials, such as pulverized quartz, when used in lieu of cement 
do not produce the plastic jelly-like state that is observed when cement 
is mixed with water. It is only logical to hypothecate that the work- 
able or plastic state is, aside from the effects of other conditions, 
dependent to a great measure, on the formation of gels about the cement 
grains, and dispersed to some extent in the mixing water. 

One of the earliest evidences of the development of a plastic or 
colloidal state is in the phenomenon noted in preparing cement pats 
or making a normal consistency test. When the cement is first wet 
it is crumbly, and the grains appear barely wet but after kneading the 
entire mass becomes plastic and jelly-like. 

Our work for some time has been in connection with the study of 
workability of concretes and the effects of admixtures in improving it. 
Though time has not permitted a complete study of the effects of 
variations in the cement on the workability, changes in tempearture, 
fineness and brand of cement have shown their effects. 


About five years ago it was observed that the quantity of mixing 
water for a given flow varied with the temperature of the mix. Recent 
tests, when the temperature of the mixed concrete was about 80 to 
85° F., as compared with 65 to 70° F., indicated that more water was 
required for equal flow at the higher temperatures, that the workability 
was improved and that the strength was usually lower. Tests some- 
what similar to one described by Professor Hollister have shown marked 
differences due to temperature. These were made by shaking up 100 
gram samples of cement in 450 m.l. of distilled water at different 
temperatures and allowing them to stand for two hours. It was 
observed that the volume of the cement after settling varied with 
the temperature. The change in volume was so marked that there 
can be little question that there is increased swelling at the higher 
temperatures. The results of these tests are shown in Table 1. 


TABLE 1—RESULTS OF FLOC TESTS OF CEMENT 





Temperature of Water 





| — | Volume of 
At Start After 2 Hours Floc—C.C. 
11°C 21°C 108 
20 22 114 
3: 











— 
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A maximum change in volume of nearly 25 per cent of the lowtem- 
perature volume indicates some change had taken place. This could 
only be due to a swelling of the cement particles as observed in colloidal 
materials. It is likely that had the initial temperatures been main- 
tained and the samples agitated periodically the differences would 
have been more marked. At an atmospheric temperature of about 
23° C., a 100 gram sample of cement shaken up at two-hour intervals 


showed an increased volume of cement paste with each shaking as 
follows: 





Increase in Volume | % of Volume after 
Reshaken at | over Previous Volume First Settling 
2 hrs. 4 ce. 3.7 
4 hrs. 12 c.c. A | 
6 hrs. 21 c.c. 19.5 


Such a condition parallels increased mixing time and undoubtedly 
indicates a greater gel formation, indicating that a larger quantity of 
water would be required to maintain a given consistency just as a 
higher temperature would give increased workability and reduced 
strength. If a given quantity of water were used regardless of con- 
sistency, increased strength would result but it is doubtful if the work- 
ability would be influenced materially, because the increased stiffness 
of the mix would offset the effect of the additional gel. 


Table 2 shows the results of tests using eight brands of cement. 
Though there is undoubtedly some effect resulting from differences in 
fineness, there is an appreciable difference in the workabilities noted 
which can hardly be attributed to this. Cements 1, 3, 5, and 6 having 
about the same fineness gave workability indices from 218 to 250, 
while cements 4 and 7 gave indices of 207 and 249 respectively. The 
change in workability, as influenced by the cement, is very complicated, 
being affected by the fineness, the amount of water required to pro- 
duce given consistency and the properties of the cement. Without 
more elaborate data, effects of differenees in the properties of cements 
on the workability, and other properties of the resulting concrete 
cannot be definitely determined. However, the improvement in 
workability of one cement over another, other conditions being equal 
can only be attributed to the presence of a greater quantity of plasticiz- 
ing material. 
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TABLE 2—WORKABILITY AND STRENGTH TESTS USING EIGHT BRANDS OF CEMENT 


Mix: 1:2:4b - rodded volumes. 

Aggregates: ashed bank sand and gravel in air dry condition. 
Absorption: Nil. 

Temperature of Mix practically constant. 





























Normal |_Celite | eee | ti 

Brand | Consis- Used, Lbs.| W/C | Relative Rela- | per Sq Inch 
of tency | Fineness} per Sack | Ratio | Flow | Density | Index tive 

Cement % pf Cement % 28 Days| 90 Days 

| —7 Oe ee eee 

1 23.0 14.5 0 | .985| 88 | .816 259 | 100 2839 | 3383 

3 | 1.081 | 91 | :803 | 149 | 174 | 2624 | 3350 

2 21.4 18.4 0 | .954| 87 | 613 284 100 2545 3163 

| 3 |1.042] 91 | 1805 | 152 | 187 | 2455 | 3267 

3 23.8 12.4 0 952 | 88 ‘815 | 239 | 100 2617 3211 

| 3 |1.048| 90 | .805 | 146 | 164 2682 | 3201 

4 | 24.4 | 6.2 0 | .999 | 90 ‘811 207 100 2694 3081 

| 3 | 1.095 | 90 .798 121 171 2646 3080 

5 | 23.2 | 11.4 0 ‘942 | 90 "816 | 259 | 100 | 3035 | 3473 

3 1.044 | 88 “805 141 184 3087 3491 

6 23.6 | 14.2 0 .974 | 87 .811 | 218 100 | 2852 3218 

| 3 1.065 | 88 :802 144 151 | 2760 3307 

7 24.8 | 6.7 0 954 | 91 "819 249 100 | 3153 3926 

3 1.059 | 90 807 | 147 169 3213 3861 

8 23.0 9.2 0 ‘964 | 90 “818 236 100 3058 3579 

3 1.048 | 89 “808 124 190 3087 3630 





*Improved workability is indicated by a lowering of the index. 


The effect of fineness of the cement is indicated by the few data 
shown in Table 3. 





TABLE 3—WORKABILITY AND STRENGTH TESTS USING CEMENTS OF DIFFERENT FINENESS 
| | | a 
} | | Compressive Strength 
Cement Fineness Ww/C | Flow Relative | Workability|———— -——— 
No. Per Cent Ratio | Density Index | 28 Days 90 Days 
—— | eS ane femees _ ——— — — —— = 
3949 7.4 935 | 89 821 288 3080 3750 
4437 | 1.2 944 | 90 822 | 23 =| 3413 4144 
2791 | 1.0 1.015 84 797 165 3829 te 


2447 12.2 1.012 89 . 800 27 2343 





Cement No. 4437 is directly comparable with cement No. 3949 which 
was ball-milled to increase the fineness. Cement No. 2791 was 
a high early strength cement and is not directly comparable with 
No. 2447. However, the increase in fineness in both instances un- 
doubtedly had a marked effect in increasing the workability and raising 
the strength. The concretes made with the fine cements were dis- 
tinctly more plastic and “fat’’ than were those made with the “regular” 
cements. 

We not infrequently note that concrete and mortar mixtures show 
a decided stiffening when allowed to stand after initial mixing. Tests 
made some time ago indicated that the stiffening of mortars was some- 
what more rapid during the first 15 to 20 minutes than it was later, 
and was progressive for more than two hours. Since the sand was non- 
absorbent the change could only have come from some change in the 
cement. With the development of increased quantities of gel the 
original diluted gel would become more concentrated, and as a conse- 
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quence stiffer, causing the mass to appear less wet and to flow less. 
This condition parallels that of plastic bodies as the concentration of 
colloidal materialis increased. 

The colloid theory of hardening of cement supports and is sup- 
ported by Abrams’ Water Cement Ratio theory and the Talbot and 
Richart Void-Cement theory. It also shows the need of proper curing 
to develop the potential strength of cement compositions. It is not 
difficult to visualize the existence of a probable relation between gel 
concentration and the void-cement ratio, or the water-cement ratio, 
since in plastic mixes the volume of water closely parallels the void 
space. 


Mr. Bates has referred to glue as analagous to portland cement—a 
fitting comparison. The products of hydration bond the ingredients 
of a concrete together and impart to the finished product strength, 
durability, water tightness and other desirable properties and appar- 
ently act in much the same way as do glues and allied materials. 
During a curing period in -wet storage the entire mass of concrete is 
saturated and as a consequence the gel, which according to Professor 
Hollister, exists, may be considered as a concentrated colloidal solu- 
tion. If the colloid theory is correct such phenomena as flow of con- 
crete under pressure have a possible explanation. The fact that under 
continued stress concrete becomes permanently deformed is evidence 
of the plastic nature of the bonding medium. The phenomenon of 
expansion due to wetting and contraction on drying is parallel to that 
observed with many substances in the field of colloid chemistry. 
Colloidal clays, albumin, gelatins, gums of various sorts and numerous 
other materials, show definite expanding and shrinking tendencies on 
giving up or taking on water, and are reversible, apparently changing 
from one phase to another without having their original properties 
changed when returned to their initial state. 

Under a condition of minimum voids the ratio of cement to voids 
will then be a maximum and the space which the gel can occupy will 
be minimum. At first the colloid will be widely dispersed, but as the 
hydration continues the concentration increases and since the space to 
be occupied is a minimum, a maximum concentration will result. 
This will be paralleled by a maximum strength, as is indicated by the 
v/e and the w/e strength relations. It has been shown that for a 
given mix, the strength is usually proportional to the density of the 
concrete. Kither side of the optimum water content the density is 
reduced. In one case the voids are filled with water which dilute the 
colloid. In the other the voids are mostly filled with air and the colloid 
surrounds the cement particles in a highly concentrated state. In 
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both instances there is increased space to be filled with the colloid 
during the curing and, under wet curing for a given density, the same 
concentration of gel will exist. The change in concentration can only 
take place in the liquid or solution phase and indicates that for the 
best curing it is necessary that moisture be present. 

As pointed out at the beginning of this discussion, our work has been 
largely directed toward determining the properties and effects of 
admixtures when used in concrete. Some of these are dependent on 
a foaming action which increases the void space; some are similar to 
pulverized sand, which is relatively inert and of little effect; some 
depend on colloidal fineness and some depend in part on their ability 
to combine with free lime to form calcium silicate gel. This last group 
is made up of materials of diatomic origin and unique in that a notice- 
able chemical reaction takes place the instant they come in contact 
with lime. 

Silica of the nature of quartz or crystalline silica though reactive 
with lime is so nearly inert at ordinary temperatures that it may, for 
all practical purposes, be considered inactive. Unlike crystalline silica, 
diatomaceous or opaline silica combines with lime to a very marked 
degree at usual atmospheric temperatures. 

On the basis of the void-cement ratio theory, it would appear that 
the additional water usually required to maintain the same consist- 
ency, when diatomaceous silica is added, as that of comparable plain 
concrete (see Table 2), would cause a reduction in strength. On the 
basis of the w/c ratio theory this increase in water would indicate a 
reduction in strength equal to about 400 pounds per square inch for 
mixes and under conditions comparable with those existing in securing 
the data shown in this table. However, the data presented indicate 
that for some reason or other there was no particular difference between 
the strength of the Celite concrete, and that of the plain concrete. 
In Table 4 are shown results of tests made with clinker, ball-milled 
with Celite, added at the rate of three pounds per sack of cement 
(94 lbs.) and without Celite. 


TABLE 4—RESULTS OF WORKABILITY AND STRENGTH TESTS WHEN CELITE WAS GROUND 
WITH CLINKER 


SAE RE ee a — . 7 ————— 7 — 





| Compressive | Tensile 
| Celite* __ Strength _ Strength 
Normal | Fine- | Used, Lbs. | W/C Relative} Worka- | 
Cement | Consis- | ness | per Sack Ratio | Flow | Density | bility | 7 | 28 | 7ft | 281 
tency of Cement | | Index | Days | Days | Days’ Days 
eo See i ee ef ns nee fen fa 
A 20.0 | 12.3 0 916 | 89 | .823 | 331 | 2961 | 3473 | 286 381 
B 20.4 13.6 | 3 .931 |} 91 .823 | 228 3479 | 4148 | 325 457 











*Celite in addition to cement. 
tTensile tests made on 1 to 3 standard mortar briquettes using 9.8 and 9.9 per cent water for cements 
A and B respectively 
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From these data by either the void-cement ratio or the water- 
cement ratio, it would appear that the resulting strength should have 
been about the same for both cements. The fact that there were 18 
and 19 per cent increases in strength at the 28 and the 90 day periods 
van only be explained by augmented hydration of the cement or a 
parallel condition. Since it is known that Celite and lime combine at 
normal temperatures to form colloidal hydrous calcium silicate, it is 
logical to believe that this gel should augment that resulting from 
hydration of the cement and result in a stronger more durable bonding 
colloid. 

Although Professor Hollister has emphasized the important part 
that the formation of gel in a concrete mixture has on the concrete in 
bringing about a condition of workability, I wish to point out that 
were it not for some such plasticizing material as calcium silicate gel, 
concrete would not be today what it is. Just imagine trying to place 
a mixture of sand, gravel and water in which the sand has a large 
amount of fine crystalline material to represent the cement. If anyone 
should be enough interested to discover for himself the marked differ- 
ence in the workability by the presence of calcium silicate gel, he can 
make up two mixes of pulverized quartz, sand, gravel and water. To 
one of these add Celite in varying amounts and about two per cent 
hydrated lime by weight of the Celite. Then note the difference in 
wotkability that exists between the mixes when the consistency is the 
same. 

In addition to being supported by conclusive observations, the 
colloid or gel theory as indicated by Professor Hollister is reasonable 
and by it can be explained conditions and phenomena which otherwise 
could not be explained. 

In fact there is hardly a condition in the fresh or the hardened con- 
crete which cannot be paralleled by similar phenomena with other 
materials known and recognized to be distinctly colloidal materials. 
One exception to this appears to be the unusual condition in solidifying 
or hardening. Whereas colloidal solutions are usually concentrated by 
removing the suspending liquid, cement concentration is effected from 
within, due to continued hydrolysis of the active cement particles. 



























Discussion of Progress Report of Committee 408: 


“THe Use oF CoLor IN CONCRETE’’* 


BY MILLARD F. BIRDT 


The report contains information of great value, and the Committee 
is to be thanked for the time and effort put into its task. 

In the discussion, M. R. Rust, states: “‘dust coats are productive of 
unsatisfactory results and are only a method for the cheap installa- 
tion of color with resultant inferior wearing surfaces.” 

The writer has had considerable experience with ‘‘dusted-on finish”’ 
in cement floor work. A graded dust coat, containing the proper 
amounts of color and aggregates, either mineral or artificial, placed 
on the floor at the proper time and properly floated and trowelled 
will produce excellent results, as experience has indicated on millions 
of square feet of floor finish. 

We can show concrete floors finished without any ‘“‘dusted-on 
finish,’ and other floors in which a “dusted-on finish’? was used, in 
perfect condition now after 18 or 20 years. On the other hand, we can 
also show cement finish floors of both types which have gone to pieces 
—where the surfaces have scaled and disintegrated after six months 
use. 

We agree with Mr. Rust that the ‘‘drier’’ dust coats which have been 
used by cement masons for years, not only add nothing to the wearing 
qualities of a floor, but make good finish difficult. It is essential to 
distinguish between ‘driers’? and ‘‘graded dust coats.’’ The dust 
coats may or may not contain color, but if properly compounded and 
properly used give satisfactory results. 

The burden of traffic on cement floor finish must be taken by the 
aggregates in the mix. The function of the cement is only to hold the 
aggregates in position and bind them together. If the aggregates are 
carefully floated into the surface of the floor, in proper mixture of the 
various sizes of aggregates used in the mix, and the surface is then 
very carefully trowelled, the chances are that a good wearing finish 
will result. To a large extent temperature conditions control the 
quality of the finish. It is impossible to install a topping so stiff that 





*A.C. 1. Journat, April 1931; Proceedings, Vol. 27, p. 975 
tA. C. Horn Sales Corp., New York, N. Y. 
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water does not flush to the surface after straight-edging, as the labor 
cost of rodding off on a perfect mix is prohibitive. 


In cool weather the water will come to the surface of the floor, and 
because it does not evaporate rapidly, the masons cannot begin float- 
ing at the proper time. The result is that when the floating is begun, 
it is too late to bring the aggregates into their proper position, and the 
cement, being of a less specific gravity floats to the top, and the trow- 
elling leaves the cement particles as the final surface finish. Such a 
floor will not stand up under heavy traffic. 


There is no use to theorize on perfect water-cement ratio and mixes 
if the final result is at the mercy of the masons who trowel off the floor. 
We must meet as best we can the limitations of human endurance. 
Men will always become fatigued and careless after a back-breaking 
day of too many gruelling hours spent on their knees, with wet feet, 
strained muscles, usually poor lighting and overtime. Under such 
conditions everything tending to ease the strain, whether it be more 
water or a changed mix, will be used in spite of supervision. 


“‘Dusted-on finishes” of various types, carefully compounded and 
placed on the floors at the proper time, tend to absorb to some extent 
the excess water, and enable the masons to do their floating and 
trowelling properly. The water-cement ratio is reduced by this pro- 
cedure, and the only danger lies in not fully working in the wearing 
coat. 


For these job limitations, it is better to use a specification which 
acknowledges facts as they are, and attempts to meet them. A graded 
dust coat containing mineral aggregates, well floated in at the proper 
time, meets a great many of these job limitations and produces excel- 
lent results. Such finish must not be confused with the ‘‘drier’’ idea, 
whereby neat cement is dusted on the surface of a wet topping. Such 
a procedure absorbs the excess water and lightens the burden of the 
masons, but destroys the proportions, increases the presence of laitance 
and softens the floors. 


“‘Dusted-on finishes” involve proper aggregates and proper appli- 
cation just as specifically as does the general subject of “cement 
toppings’ itself. 


To condemn ‘“‘dusted-on finishes’ in a sweeping statement of rejec- 
tion is as impractical as to condemn ‘‘cement toppings,’ and this is 
true whether the graded dust coat contains color or not. Twenty 
years ago the statement that ‘‘dusted-on finishes’? were detrimental 
was correct, but not today. 
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BY DANIEL COLMAR* 


Under ‘‘General Requirements for Pigments,’’ item 8 permits free 
‘alcium sulphate to the extent of 15 per cent by weight. 

Calcium sulphate however, will react with the cement and is there- 
fore detrimental. It is also soluble in water and this too is undesirable. 
Finally, knowing the deleterious effects of fines in the mix, we should 
not tolerate 15 per cent of harmful ingredient in the pigment and pay 
for it besides. 

It seems to me that in our cement products we are about to open 
up a big market for the pigment manufacturer. It would be just as 
much to their interest as to ours to furnish pigments satisfactory for 
our requirements. If unsightly jobs are produced with poor pigments 
it will hurt their cause as well as our own. 

Would it not be fair to ask the manufacturer of pigments to furnish 
a chemical analysis made by a recognized laboratory with the samples 
he is submitting?’ It would certainly save a great deal of expense and 
misunderstanding between the buyer and seller. 

The quantity of pigments that will be used in the near future by 
portland cement users is enough to justify making their wants known. 


BY EDWARD M. WALDOT 


Under the section ‘Selection of Pigments,’ only synthetic yellow 
oxide of iron is recommended for yellow, but both natural and syn- 
thetic oxide of iron are recommended for buff. The dividing line be- 
tween yellow and buff, especially in concrete, is so narrow that it 
seems rather confusing to differentiate between the two in that 
fashion. It is safe to say that any practical shade of yellow that can 
be produced with a synthetic oxide of iron can be produced also with 
some natural oxide of iron. Moreover, the “‘seasoning’’ natural colors 
have undergone for uncounted years makes many of them more stable 
and more likely to hold their color in concrete than some of the syn- 
thetic oxides of iron. Therefore, it would seem advisable to use the 
same specifications for yellow as for buff. 


Readers are referred to the Journau for February, 1932, for discussion which may 


develop. Such discussion should reach the Secretary by Jan. 1, 1932. 


*President, Ramloc Stone Co. Inc., Albany, N. Y. 
+Member of Committee 408; E. M. & F. Waldo, Inc., Muirkirk, Md. 
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Discussion of the Report of Committee 708: 


‘‘PROPOSED RECOMMENDED PRACTICE FOR THE MANUFAC- 
TURE OF CONCRETE BUILDING BLOCK AND TILE’’* 


BY CHRISTOPHER BRANDAT 


Under section 16, “Strength,” the committee recommends “the 
maximum proportion of coarse material that can be used to advantage 
is about 50 per cent of the total aggregate used in the mix.’”’ There 
are several types of blocks used for flooring, partitions and back-up, 
in which the proportion of coarse aggregate is much higher than 50 
per cent. In one particular instance the proportion of coarse to total 
mixed aggregate is over 75 per cent, giving maximum strength over 
other possible combinations of coarse and fine aggregate, although, of 
course, a rather rough texture. 

On page 1012, 28 day curing is recommended for tests to determine 
the required mix, although 7-day strengths assumed as 70 per cent may 
be used as an approximation so as to conserve time in getting the 
plant into operation on a satisfactory basis. One manufacturer has 
shortened this curing to an overnight period, and has found that for at 
least the ordinary range of block mixes 21 hours at 120° F. or 16 
hours at 150° F. gives 70 per cent of the standard 28-day strength at 
70° F. curing. These strengths apply only with correction made for 
moisture content at time of test. In practice, blocks are saturated for 
test, as the quickest and most convenient method of obtaining com- 
parative values. 

Under section 23, “‘Length of Time of Damp Curing,” the committee 
recommends 24 hours of curing as a minimum for types A, B, C and D 
curing methods. From the viewpoint of the manufacturer, 24 hours 
is not an economic unit. It is too long for a complete cycle of manufac- 
ture in one day, so that extra pallets and platforms are required. The 
advantage in strength from 20 to 24 hours, at both 120 and 150° F. 
is about 8 per cent, and from 20 to 44 hours at these temperatures (two- 
night curing) is about 35 per cent. It then becomes a matter of manu- 
facturing economy to determine the cost of the added strength in 


*A_C. I, Journat, April 1931; Proceedings, Vol. 27, p. 1001. 
{Republic Fireproofing Co., Inc., Bound Brook, N. J. 
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terms of curing costs, investment in added pallets, platforms, curing 
rooms, and additional space. 

In Section 3 of Standard P-1-A-29, strength is specified at ‘‘28 days 
after being manufactured or when shipped.’’ There is a lack of defin- 
iteness in the term ‘‘28 days after being manufactured” in that it 
does not fix the point on the curing curve, and therefore does not 
indicate the degree to which the potential strength of the block has 
been developed by curing. Given a block that has had no steam 
curing, and which because it was yarded in winter had poor curing 
conditions in the yard for 28 days, a drying to a constant weight 
(especially if the block was wet at the time it was taken for test) 
would increase the strength of the block to a considerable extent, and 
indicate a false strength for the blocks in the yard. There are undoubt- 
edly other particular cases in which the degree of cure at the time of 
test affects the just appraisal of the block. 

Under Section 16 of the Standard, one manufacturer has found that 
sulphur is conveniently applied, and because of its rapid hardening the 
blocks can be tested within an hour of capping. It is recommended 
that sulphur be included as an approved capping medium. 


Readers are referred to the JouRNAL for February, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by Jan. 1, 1932. 














REINFORCED CONCRETE COLUMN INVESTIGATION 


Third Progress Report of Committee 105 


CommMiTrEE 105 has presented two progress reports in the Pro- 
ceedings of the American Concrete Institute. The first report is found 
in Vol. 26 (1930) p. 601, and the second in Vol. 27 (1931) p. 675. 
By action of the committee, the participating laboratories at the 
University of Illinois and Lehigh University, were authorized to sub- 
mit their own progress reports of the tests. 


The first progress reports from the two laboratories (Vol. 27, p. 677 
to 730) give the data on Series 1 and Series 2. Series 1 was a prelim- 
inary investigation to determine the end conditions necessary for the 
proper transmitting of the load into the concrete, and into the longi- 
tudinal reinforcing bars. Series 2 was a study of the effect of the 
strength of the concrete and the amount of longitudinal reinforcement 
on the strength of columns tested directly to failure at two different 
rates of loading, both of which were fairly rapid. These columns had 
not been subjected to previous loading. 


The second progress reports from the two laboratories (Vol. 27, p. 
731 to 835) give the data on Series 3. The columns of this series were 
designed to be held under working load for one year. These reports 
give the data for the first 20 weeks under load. Final results on Series 
3 will be given in a later report. 


In the following pages the third progress reports from the two labora- 
tories give the results of Series 7, in which a comparison is made 
between intermediate grade and drawn wire spiral reinforcement. 


The procedure followed at the two laboratories differed ap »reciably 
in two particulars: (1) At Lehigh, the “fast’’ loading procedure was 
followed, while at Illinois, ‘‘slow’’ loading was used. As demonstrated 
in the February 1931 report, the method of loading should not affect 
the column strength, though the “slow” loading probably produced 
an increase in deformations. (2) At Lehigh, load was applied to the 
column through a “free”? spherical block, while at Illinois the block 
was wedged after initial application of load to give the effect of a 
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“flat-ended” column. This difference is apparently responsible for 
the higher column strengths and greater effectiveness of spiral obtained 


at Illinois. 


Since the former progress reports the personnel of the committee 
has been changed by the resignation of R. D. Snodgrass and the 
appointment of W. F. Zabriskie to take his place. 


ComMITTEE 105—REINFORCED CONCRETE COLUMN INVESTIGATION 
*W. A. Slater, Chairman 

P. H. Bates 

R. L. Bertin 

F. R. MeMillan 

F. E. Richart 

W.S. Thomson 

W. F. Zabriskie 


Readers are referred to the Journaw for March, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by February 1. 


*Professor Slater had completed the work on the third progress report before his death Oct. 5. Th¢ 
Executive Committee of the Board of Direction has appointed Prof. F. E. Richart to succeed him as 
chairman and added Inge Lyse, who as Research Assistant Professor of Engineering Materials at 
Lehigh University, was closely associated with Professor Slater in the column investigation, to the 
committee’s membership.—-EpiToRr 

















Tutrp ProGress Report* on CoLuMN Tests AT LEHIGH 


T y ry TT , 
UNIVERSITY 
BY WILLIS A. SLATER? AND INGE LYSE] 


SERIES 7, EFFECT OF AMOUNT AND GRADE OF SPIRAL REINFORCEMENT 
ON STRENGTH OF COLUMNS 

1. Purpose and Program—The purpose of this series of tests was 
to study the effect of high yield-point wire spiral on strength of rein- 
forced concrete columns. For comparison, columns having inter- 
mediate grade spirals were also included. . 

The published program of tests' was followed, except for the fact 
that “fast”? loading was used instead of the scheduled ‘‘slow’’ loading. 
This program is shown in the following tabulation. 


Spiral Reinforcement Longitudinal Reinforcement 
Per Cent Grade Per Cent 
1.2 High y. p. 0 1.5 6 
2.0 High y. p. 0 1.5 4 
2.0 Intermediate 0 1.5 4 


The designed strength of concrete was 3500 lb. per sq. in., and the 
longitudinal reinforcement was of intermediate grade for all columns 
of this series. Series 2 furnishes data which permit a direct comparison 
of columns containing 1.2 per cent spiral reinforcement of intermediate 
grade with similar columns of this series having high yield-point spiral. 
The columns had an overall length of 60 in. and a diameter of 814 in. 
The outside diameter of the spiral was 8 in. These dimensions were 
the same as those for the columns of Series 2. The materials, manu- 
facture, curing, and testing, were also the same as described for Series 2. 


2. Test Data—The summarized test results for the reinforcement 
are given in Table 1. In this table the stresses are based upon the 
nominal area. Since in computing the total sectional areas of the rein- 
forcement in the columns the nominal areas are used, variations from 
the actual area will not introduce error into the interpretation of the 


*The first and second progress reports from Lehigh University are published in Vol. 27 (1931) Pro- 
ceedings, A. C. I., p. 677 and 791, and reprinted as Circular No. 64 of the Institute of Research of Lehigh 
University. Where references are nade in this report to Series 1, 2, and 3, the information will be 
found in the first and second progress reports. 
+Director of Fritz Engineering Laboratory, Lehigh University, Bethlehem, Pennsylvania. 
{Research Assistant Professor of Engineering Materials, Lehigh University, Bethlehem, Pennsylvania. 
1A. C. 1. Journat, April 1930, Proceedings, Vol. 26, p. 601. 
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results. The strengths of the control cylinders together with certain 
data from Series 2, repeated here for the purpose of comparison, are 
given in Table 2. The strengths of the columns and the computed 


TABLE 1— TESTS OF REINFORCEMENT 





: , Average Average 
Nominal Size Number of Yield Point Stress Ultimate Strength 
of Coupon Coupons Tested lb. per sq. in.* lb. per sq. in.* 





Longitudinal Bare rs 




















\% in. sq. s 44,800 67 ,320 

¥ in. rd. 6 »1,200 75,500 

5S in. rd. 2 45,000 71,800 

% in. rd. 2 48,500 70,200 

Spiral Rods 

6, in. is heer 6 not determined 75,400 
ag 6 not determined 90,400 

% a neh hig y-p. 6 not determined 110,200 





*Based upon nominal area. 


division of loads are given in Tables 2 and 3. The deformation during 
testing is shown in Fig. 1 to 3 inclusive, for each percentage and grade 
of spiral reinforcement used. Fig. 4 shows the relation between the 
yield-point strength of the longitudinal reinforcement and the strength 
of the columns. 


3. Deformations—The deformation curves for columns having 1.2 
per cent spiral of high yield point and 0, 14%, and 6 per cent (nominal 
percentages) longitudinal reinforcements are shown in Fig. 1. The 
curves for columns having 0, 1%, and 4 per cent longitudinal reinforce- 
ment and 2 per cent spiral are shown in Fig. 2 for columns having 
high yield-point spiral, and in Fig. 3 for columns having intermediate 
grade spiral. The average stress-strain curve for the control cylinders 
tested for modulus of elasticity is shown as a broken line in each of the 
three figures. In each case it lies considerably above the curve for 
columns having spiral, but no longitudinal reinforcement. In fact, 
the curves for the cylinders are closer to the curve for 1% per cent 
longitudinal reinforcement than to the curve for no longitudinal rein- 
forcement. This could be caused, partly, by a greater flow of the con- 
crete in the columns than in the control cylinders, due to the difference 
in length of time required for testing, and partly by the concrete in 
the spirally reinforced columns not occupying the total volume within 
the outer circumference of the spiral. It has been previously shown 
that for the vibrated concrete in Series 2 the stress-strain curve for 
the plain cylinders nearly coincided with that for the columns having 
spiral but no longitudinal reinforcement, whereas for the columns in 
which the concrete was placed in the ordinary manner the deformation 
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Fig. 1—STRESS-STRAIN DIAGRAM FOR COLUMNS HAVING 1.2 PER CENT 
HIGH YIELD-POINT SPIRAL, LONGITUDINAL REINFORCEMENT 0), 144 AND 
6 PER CENT 


relations were similar to those found in this series. Thus it appears 
probable that for all cases except with the vibrated concrete, the 
presence of the reinforcement interfered with the compactness of the 
concrete. 

The straight broken lines in the lower part of the diagram indicate 
the load carried by the longitudinal reinforcement per unit of area of 
the entire column. If the stress thus indicated as being taken by the 

> 
A’ 
the resulting curves will practically coincide with the curve for the 
columns with no longitudinal reinforcement. This indicates that it 
was principally the spiral rather than the longitudinal reinforcement 
which interfered with the compactness of the concrete in the columns; 
and that the concrete was of nearly the same quality in the different 
columns and deformed an equal amount for a given stress, regardless 
of the percentage of longitudinal reinforcement used. The variation 


longitudinal reinforcement be subtracted from the total stress, 
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Fic. 2—STRESS-STRAIN DIAGRAM FOR COLUMNS HAVING 2 PER CENT 
HIGH YIELD-POINT SPIRAL, LONGITUDINAL REINFORCEMENT 0), 14% AND 
4 PER CENT 


in the amount and grade of spiral had practically no effect upon the 
deformation of the column within the range of strains measured 
in this series of tests. 

4. Effect of Spiral on Strength—In Fig. 4 the strengths of the columns 
are plotted as ordinates, and the total yield-point strengths of the 
longitudinal reinforcement (the product of the yield-point stress and 
the sectional area of the reinforcement) as abscissas. It is noted that a 
straight line relation exists between the strength of the columns and 
the yield-point strength of the longitudinal reinforcement for both 
percentages and both grades of spiral reinforcement. The lines for 
the different percentages and grades of spirals are also practically 
parallel. Their straightness indicates that the effectiveness of the 
longitudinal reinforcement was independent of its amount. Their 
parallelism indicates that the spiral reinforcement was equally effective 
for all percentages of longitudinal reinforcement. 

Table 3 gives the computed division of the load between concrete, 
longitudinal reinforcement, and spiral reinforcement. Since the load 
attributed to the spiral is obtained by subtracting from the load on the 
columns the sum of the loads attributed to the concrete and the longi- 
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Fig. 3—STRESS-STRAIN DIAGRAM FOR COLUMNS HAVING 2 PER CENT 
INTERMEDIATE GRADE SPIRAL, LONGITUDINAL REINFORCEMENT 0, 1% 
AND 4 PER CENT 


tudinal reinforcement, all lack of uniformity in strength introduced in 
the making and testing of the columns is thrown into the load attributed 
to the spirals. It is therefore to be expected that the loads found to 
be carried by the spirals would show larger variations than the loads 
carried by the concrete and by the longitudinal reinforcement. As a 
whole, however, the results are fair and the average values give an 
indication of the effectiveness of the spiral reinforcement in adding 
strength to the column. The average load attributed to the spiral 
reinforcement of intermediate grade was found to be 24,800 lb. for 
1.2 per cent and 52,800 lb. for 2 per cent. The corresponding values 
for each 1 per cent of spiral reinforcement are 20,700 lb: and 26,400 
lb. with an average of 23,600 lb. 

For the 1.2 and 2 per cent spiral of high yield-point steel the corres- 
ponding values were 54,800 and 70,600 lb., or 45,600 and 35,300 lb. 
respectively per 1 per cent spiral. The average load attributed to 
spiral of high yield-point steel was 40,500 lb. per 1 per cent spiral. 

On the assumption that the longitudinal reinforcement contributed 
to the strength of the column an amount equal to its total yield-point 
strength, the yield-point stresses required to add 23,600 and 40,500 lb. 
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Fic. 4—EFFECT OF YIELD-POINT STRENGTH OF LONGITUDINAL REIN- 
FORCEMENT AND OF GRADE OF SPIRAL REINFORCEMENT ON STRENGTH 
OF COLUMN 


to the strength of an 8-in. column (the strength attributed to 1 per 
cent spiral of the two different grades used) would be 47,000 and 80,500 
lb. per sq. in. respectively. The yield-point stress could not be detected 
in the tests of the coupons of spiral reinforcement. However, these 
values, 47,000 and 80,500 lb. per sq. in. correspond sufficiently closely 
to the yield-point stresses to be expected from intermediate grade steel 
and cold drawn wire to warrant the conclusion that the spiral reinforce- 
ment added to the strength of the column an amount approximately 
equal to that added by an equal percentage of longitudinal reinforce- 
ment of the same yvield-point stress. 


5. Summary of Results—The deformation of the concrete in the 
reinforced columns was larger than that for their control cylinders at 
a given stress. 

Within the range of the strains measured, variation in the amount 


or grade of spiral had practically no effect upon the deformation of the 
columns. 


The distances between the deformation curves for the columns of 
different amounts of longitudinal reinforcement correspond approxi- 
mately to the distances bet ween the curves for the reinforcement alone, 
indicating that in the reinforced columns the effectiveness of the con- 
crete in carrying load at any given strain was independent of the 
amount of reinforcement used. 
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For “fast’’ loading, the strength added to the columns by the spiral 
appeared to be approximately equal to the strength added by an equal 
amount of longitudinal reinforcement of the same yield-point stress. 

The results from this series of tests indicate that for “fast” loading 
the strength of the spirally reinforced concrete column was equal to 
the sum of the net area of the concrete within the spiral times 85 per 
cent of the strength of the control cylinders, the area of the longitudinal 
reinforcement times its yield-point stress, and the equivalent area* of 
the spiral reinforcement times the yield-point stress of the material 
from which it was made. 


Readers are referred to the Journau for March, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by February 1. 





*By “equivalent area” is meant an area which is equal to the cross-sectional area of longitudinal rein- 
forcement having a volume of steel per unit length of column equal to that of the spiral reinforcement 
used. 











THIRD PROGRESS REPORT ON COLUMN TESTS MADE AT THE 


UNIVERSITY OF ILLINOIS 
BY F. E. RICHART* AND G. C. STAEHLET 


SERIES 7. EFFECT OF DRAWN WIRE SPIRAL REINFORCEMENT 


1. Introduction—This progress report gives the principal results of 
a series of column tests included in the Reinforced Concrete Column 
Investigation being conducted under the sponsorship of the Institute’s 
Committee 105, of which Professor W. A. Slater is Chairman. The 
outline of the investigation, the method of conducting it as cobperative 
research projects at Lehigh University and the University of Illinois, 
and progress reports of three series of tests have already been published 
in previous issues of the JourNAL’. 

To facilitate an early presentation of the test data to the Institute, 
individual reports on this series of tests have been prepared at the 
two laboratories, and comparison and interpretation of any differences 
in results are left for consideration in the final report of Committee 105. 
The authors wish to give especial acknowledgment to the members 
of Committee 105 for assistance in the planning and conduct of the 
tests, and to Messrs. L. R. Tucker, T. G. Taylor, and R. B. B. Moor- 
man, members of the Engineering Experiment Station staff, for their 
careful and painstaking work on the tests and in the reduction of data. 

2. Object and Outline of Series 7—To avoid a multiplicity of vari- 
ables in the test columns, the spirals used in Series 1 to 6 of the investi- 
gation were of the material in most common use, hot-rolled rod of 
intermediate grade. The tests of Series 7 were planned to bring out 
the effect of using drawn wire of high strength as spiral reinforcement. 
Columns were made with 1.2 per cent of spiral and 0, 1.5 and 6 per 
cent of vertical steel, corresponding in all respects except in the grade 
of spiral steel with columns of Series 2, made with spirals of hot-rolled 
rod. An additional group of columns was also made with 2 per cent 
of both hot-rolled and drawn wire spirals, combined with 0, 1.5 and 


*Research Professor of Engineering Materials, University of Illinois, Urbana, Illinois 
tAssociate Engineer, Structural and Technical Bureau, Portland Cement Association, Chicago, 
Illinois. 


1A. C. I. Journat, April, 1930, p. 601-615 (Outline of Tests). 
A.C. I. Journat, Feb., 1931, p. 675-760 (Report on Series 1 and 2). 
A.C. 1. Journar, March, 1931, p. 761-833 (Report on Series 3). 
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4 per cent of vertical steel. It was planned to make all columns of the 
series of 3500-lb. concrete, as based upon the strength of 6 by 12-in. 
control cylinders at the age of 56 days. The series thus affords a 
fairly direct comparison of the column strengths produced with the 
two grades of spiral steel. All columns of the series were 8 in. in diam- 
eter and 5 ft. high, with cylindrical shafts and no protective shells. 


3. Materials; Making and Storage of Columns— Detailed information 
as to the properties of the concrete and reinforcing steel were given 
in the progress report in the A. C. I. Journat, February, 1931. The 
3500-lb. concrete was of a 1:314:4 mixture by weight, with a water- 
cement ratio of 1.10 and average slump of 24% in. Through error in 
the schedule, two columns were made of 5000-lb. concrete, which was 
of 1:214:234 mixture, by weight, with a water-cement ratio of 0.80 
and average slump of 5 in. 

The concrete materials used were Lehigh portland cement, Lincoln 
(Illinois) sand, and Attica (Indiana) gravel. The concrete was mixed 
4 minutes in a one-bag batch mixer. 

The longitudinal bars were all of intermediate grade steel. The 
arrangement of bars and of spirals to provide the desired percentages 
of reinforcement, together with their yield point stresses, are given in 
Table 1. 


TABLE |1-—DESCRIPTION OF REINFORCEMENT 
} 








} Yield-Point Stress 
Kind | % Size Ib. per sq. in 

| 1.57 4'4-in. round 46,600 
Long. (Int. grade) | 3.98 8%-in. square 52,900 

| 4%%-in. round — 

| >. 4 { 4%-in. round 45,500 
Spiral (Int. grade) | 1.24 No. 5 (207 in.), 1.35-in. pitch 47,200 

2.00 \-in., 1.19 in. pitch 49,000 
Spiral (Drawn wire) 1.24 No. 5, 1.35 in. pitch 80,400 

oie ‘ ‘ { 83,200 
2.00 Y-in., 1.19 in. pitch / 47,700* 


*For two spirals only, as noted in Table 2. 


The reinforcing spirals were all of 8 in. outside diameter. The 
values listed as the yield-point stress for spirals in the above table are 
not true yield points, since the stress strain curve is a gradually 
rounding curve; the value given is the stress at which there was a unit 
elongation of the spiral test coupon of 0.5 per cent. This stress has 


been used in previous tests as expressing the limit of usefulness of the . 


spiral in producing column strength. 

All reinforcing bars were milled to exact length. In making the 
columns, care was taken to hold these milled ends in contact with 
plane surfaces, and to bring the finished concrete surfaces flush with 














= 


Reinforced Concrete Column Investigation 169 


the milled bar ends. The forms were removed 24 hrs. after a column 
was cast, gage lines were prepared, and the column was placed in the 
moist room, and held under standard conditions of 70~ 4 deg. F. 
temperature and 100 per cent relative humidity until 56 days old. 


4. Method of Testing—The method of loading corresponds with the 
“slow” loading used in the tests of Series 2. The load was applied to 
three-fourths of the estimated “yield point” of the column in about 
8 increments of 8 or 10 minutes each, with complete strain readings at 
each increment of load. The remaining load was applied in 6 to 10 
more increments, each extending over 4 hr. Strain readings were taken 
at the beginning and end of the 4-hr. period, and an effort was made 
to hold the load constant over the 4 hr. This was done in most of the 
tests by loading through a bed of heavy car springs, which permitted 
yielding of the column without a large reduction in load. The tests 
were made in the 3,000,000-lb. Southwark-Emery machine and read- 
ings were taken with the Whittemore strain gage, as in previous tests. 

Average stress-strain curves for each type of column made with 
3500-lb. conerete are given in Fig. 1 and 2. Each curve represents 
the average data from two companion columns. ‘The irregular shape 
of these curves is due to the yielding of the concrete during the 4-hr. 
period between application of loads. Due to this irregularity it is 
difficult to distinguish a critical point in the stress-strain curve at 
which the yield point of the vertical steel was reached, but it is evident 
that at deformations beyond 0.00152 to 0.00176 (which correspond 
to the average tensile yield points of the different vertical reinforcing 
bars used) the deformations of the columns began to increase rapidly. 

One feature of the performance of the two types of columns as the 
load approached the maximum is worthy of note. The columns with 
hot-rolled spirals took load very slowly near the maximum, and there 
was no spiral failure when the maximum was reached. Beyond the 
maximum, as the loading head of the machine was run down, the 
resistance of the column gradually decreased and finally failure of the 
column took place through the breakage of one or more spiral wires 
and an accompanying buckling of vertical bars. In the columns 
with drawn wire spirals, however, failure occurred suddenly while the 
column was still taking load at a fairly good rate. The failure pro- 
duced by the breakage of spiral wires and the accompanying buckling 
of vertical bars, was generally violent. In many cases the concrete 
within several inches of the point of failure was completely shattered 
when the lateral restraint of the spiral was lost. While these differences 
in behavior of the two types of columns are a result of the method of 
loading the columns in the testing machine and do not indicate the 
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action that would occur under a gravity load, they may have some 
significance as to the resistance offered by the two kinds of spiral near 
failure. 


5. Analysis of Load Distribution—The principal test results, includ- 
ing the column strengths in pounds per square inch on the core area, 
are given in Table 2. The table also presents an analysis of the dis- 


TABLE 2—ANALYSIS OF RESULTS OF TESTS OF SERIES 7 
Results for columns with 1.2 per cent spiral, intermediate grade, from Series 2 are included. All 
columns tested under slow loading, after 56 days moist curing. Columns with 2 per cent drawn wire, 
no verticals, were made after main group, using new lot of spirals (y. p.- 47,700). All columns § in. in 
diam., 5 ft. long. Core area 50.27 sq. in. All vertical reinforcement of intermediate grade. Two 6 by 
12-in. ‘control cylinders were made with each column. 











Percentage Columns with Intermediate H Columns with Drawn Wire 
Reinf.t+ Unit Grade Spirals | Spirals 
i tee | 
on Col. | Cyl. | Unit | Cot. Col. Cyl. | Unit | Coef. 
Vert. Str. | Str. .85f’c | Load | ! Str. Str. 85f’. | Load K 
Vert. bea Steel | lb. per! lb. per | (1-p) on ie \ Ib. per | lb. per | (1-p) on for 
| =Pfe | 8. in. | sq. in. Spl. | Spl. | sq. in. | sq. in. Spl Spl 
P/A fs Kp’f’s | ae Kp’f's 


| | 


3: 500- lb. Concrete 
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l l 
0 | 1.2] 4000 | 3580 | 3040 | 5050 | 3760 | 3200 
4220 | 3490 | 2970 | 5000 | 3675 | 3120 | 
| o| 4110} 3535 | 3005 1105 | 1.89 | 5025 | 3720 | 3160 | 1865 | 1.87 
“1,5 | 1.2 | 4650 | 3870 | 3240 | 5610 | 3500 | 2030 
| 4840 | 4050 | 3390 5900 | 3840 | 3215 
| | 730} 4745| 3960] 3315| 700| 1.20] 5755 | 3670 | 3070 | 1955 | 1.96 
“6.0 | 1.2 | 6420 | 3190 | 2550 | 7510 | 3400 | 2720 | 
6500 | 3630 | 2905 | | 7760 | 3450 | 2760 | 
2700 6460 3410 | 2730 1030 | 1. 76 t 7635 | 34 25 | 2740 |} 2195 | 2.20 
0 | 2.0| 4930 | 3540 | 3010 #5230 | ~ 4090 | 3475 
| 4530 | 3640 | 3090 | *4690 | 3940 | 3350 
| | of} 4730 | 3590 | 3050 | 1680 | 1.71 | *1960 | 4015 | 3410 | 1550 |*1.63 
“1.5 | 2.0 | 5600 | 3615 | 3025 7400 | 3770 | 3155 | 
| 5220| 3710 | 3105 | 6760 | 3630 | 3040 | 
| | 730 | 5410 | 3660 | 3065 | 1615 | 1.65 | 7080 of 3700 | 3095 | 3255 | 1.96 
“4.0 | 2.0 | 6950 | 3980 | 3250 | | 9550 | 3670 | 2995 | 
7290 | 4140 | 3380 | 8620 | 3875 | 3160 
| 2105 | 7120 | 4060 | 3315 | 1700 | 1.73 | 8585 | 3770 | 3080 | 3400 | 2.04 
' ' ' | 














5000-lb. Concrete 


4.0) 2.0] i = 10050 | 5300 | 4325 
10390 | | 5365 | 4375 | 
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2105 | _ ms pre ~ | 10220 | 5330 | 4350 | 3765 | 2.26 
Ave. value of coef. K, 1. 247% spiral 1.62 2.01 
% spiral 1.70 1.97 

Grand ave. value of K for series......... i 1.84 


+Yield points, lb. per sq. in., as follows: 








Vertical Bars Inte rmediate Grade Spirals Drawn \ Wire Spirs als 
. 1.5% — 46600 1.2% - 47.200 2% - 80400 
4.0% — 52900 2 re 49000 2.0% — 83200 


6.0% — 45500 *2.0%  — 47700 
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tribution of the column load between the concrete section, the longi- 
tudinal reinforcement and the spiral reinforcement. Based upon the 
information obtained from the tests of Series 2, the strength of a plain 
concrete column has been taken as 85 per cent of the strength of the 
6 by 12-in. control cylinders. It has been assumed that the concrete 
carries an amount equal to the strength of a plain column, that the 
vertical steel carries a portion of the load equal to its yield point stress, 
and that the spiral reinforcement is responsible for the remainder of 
the column strength. With the spiral steel stressed to its useful 
limit, f’,, its effectiveness as compared to that of an equal volume of 
vertical reinforcement of the same quality has been expressed as a 
ratio or coefficient, K. The value of K averages 1.66 for the inter- 
mediate grade spirals and 1.99 for the drawn wire spirals, giving a 
grand average for the series of 1.84. The corresponding average value 
of AK found for the intermediate grade spirals in the 10 columns of 
Series 1 is 2.16; for 50 columns of Series 2, made with the same ship- 
ment of spirals, the value is 2.07.* The value of 1.66 found here is 
thus considerably lower than the average for this material. 


Table 1 affords still another comparison between the effects of the 
two types of spirals. The values for columns with no verticals and 2 
per cent of spiral reinforcing are not comparable because the drawn 
wire used in this case differed from that used in the other tests; but the 
remaining columns made with 3500-lb. concrete show that after cor- 
rection has been made for individual differences in the concrete, the 
columns with drawn wire spirals carried about 840 lb. per sq. in. more 
load for each 1 per cent of spiral reinforcement than did those with 
intermediate grade spirals. The effectiveness of the latter is held 
down by one very low individual value, (for columns with 1.5 per cent 
vertical and 1.2 per cent spiral reinforcement), but even if all differ- 
ences in the coefficient AK for the two groups were considered to be 
accidental and therefore negligible in view of the small number of 
tests, there would still remain a difference in column strength equal to 
the difference in yield-point strengths multiplied by the factor K and 
the percentage of spiral. This would average 33,700 x 1.84 x .01 or 
620 lb. per sq. in., as the difference in column strengths for each 1 per 
cent of spiral reinforcement used. This value seems more rational and 
free from accidental variability than the value of 840 lb. per sq. in. 
quoted above. 

It will be remembered that the extra margin of strength secured by 
the use of drawn wire spirals is accompanied by large deformations of 
the column. Thus the data from which Fig. 2 was plotted show 


*See Journat, A. C. 1., February, 1931, p. 745-760. 
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ultimate longitudinal deformations in columns with hot-rolled spirals 
as great as 0.007, while for columns with drawn wire spirals the longi- 
tudinal unit deformation in one case reached 0.016. With such large 
deformations, there may be some question of the usefulness of the 
strength produced by the spiral reinforcement, particularly in practice 
where there is commonly some bending stress present, but the spiral 
reinforcement certainly provides an insurance against sudden collapse 
of the column comparable with the margin of strength above the yield 
point in a steel tension member. A general discussion of the function 
of spiral reinforcement will be included in a later report of Committee 
105. 

6. Yield Point of Column—The stress at which the spiral reinforce- 
‘ment begins to receive appreciable stress and the column shows a 
large increase in its rate of shortening has frequently been termed the 
yield point of the column. The name is significant in that it indicates 
that the vertical elements of the column have reached a plastic stage 
of action. At this point the vertical stcel has reached its yield point 
and the concrete is at the stress at which it would fail if no spiral were 
present. 


There are four criteria, direct and indirect, as to the yield point of 
the column: (1) The deformation at which the yield point has been 
found in test coupons of the vertical reinforcement; (2) the stress 
corresponding to the ultimate strength of the concrete plus the yield- 
point strength of the vertical steel, (or 0.85 f’. + pf); (3) the stress 
at which longitudinal strains begin to increase rapidly, and (4) the 
stress at which lateral strains begin to increase rapidly. While lateral 
strains were measured in the tests, they have not been presented in 
this report. A few comparisons show that the point of rapid increase 
of lateral strains agrees very well with the corresponding point for 
longitudinal strains in Fig. 1 and 2. For convenience, data furnishing 
criteria (1) and (2) are given in Table 3; the column yield points indi- 
cated by these values may be compared with the points of rapid 
deformation shown in Fig. 1 and 2. 


Table 3 shows a good agreement in the yield points found by the two 
methods. Furthermore, the values are seen to be practically inde- 
pendent of the quality of the spiral steel, as might be expected. It 
may appear strange that the yield point of columns with 4 per cent of 
vertical steel is nearly as great as that of columns with 6 per cent; 
however, reference to Table 2 will show that this is due to the superior 
quality of both concrete and vertical steel in the former group of 
columns. 














or 
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TABLE 3—YIELD POINT OF COLUMN, AS DETERMINED BY TWO METHODS 

















Percentage of | Stress at Yield Point of Column—lb. per sq. in. 
i ; } ; . 
Reinforcement Hot-Rolled Spirals | Drawn Wire Spirals 
| | 
Spiral Vertical | From Steel | O.85f’c + pfs From Steel O.85f’c + pfs 
| Deformation | Deformation 
1.2 0 | ay 3005 H 3160 
1.5 | 4050 4045 4200 3800 
6.0 | 5500 5430 | 5500 5440 
2.0 0 | ne 3050 | - 3410 
1.5 { 3900 3795 | 4050 | 3825 
4.0 5400 5420 5400 } 5505 


It is of interest to compare the yield points in the fourth and sixth 
columns of Table 3 with the ultimate column strengths. The ratio of 
ultimate strength to yield point stress shows the following range of 
values: 


1.2 per cent hot-rolled spirals, 0 to 6 per cent verticals, 1.17 to 1.37 
1.2 per cent cold drawn spirals, 0 to 6 per cent verticals, 1.40 to 1.50 
2.0 per cent hot-rolled spirals, 0 to 4 per cent verticals, 1.31 to 1.55 


2.0 per cent cold drawn spirals, 0 to 4 per cent verticals, 146 to 1.94 

The above values of the ratio will doubtless be found significant in 

connection with the study to be made of design formulas for columns. 

7. Summary—A few brief statements may be made on the basis of 
the foregoing test results: 

1. With the test methods used, columns with hot-rolled spiral spassed 
the ultimate load very slowly, without breakage of spiral. Columns 
with drawn wire spirals failed suddenly and violently, due to 
breakage of spiral wire. 

2. The margin of strength attributed to the spirals was closely pro- 
portional to the yield point or ‘‘useful limit”? of the two grades of 
spiral steel, though the drawn wire showed slightly the greater 
effectiveness. 

3. Drawn wire spirals were found to average 1.99 times as effective 
in producing ultimate column strength as an equal weight of 
vertical reinforcement of the same quality. The corresponding 
value for intermediate grade spirals in this series was 1.66. 

4. The yield point of the columns appears to be practically inde- 
pendent of the amount or kind of spiral reinforcement. The margin 
of strength above the yield point is naturally much greater with 
drawn wire than with hot-rolled spirals, although the accompany- 
ing deformations are also correspondingly larger. 

5. The measured shortening of columns with 2 per cent of drawn 
wire reached as much as 1.6 per cent at failure; with similar spirals 
of hot-rolled rod the shortening reached 0.7 per cent at failure. 


Readers are referred to the Journav for March, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by February 1. 

















SHRINKAGE MEASUREMENTS OF CONCRETE BLOCK MASONRY 


Final Report* 
BY W. D. M. ALLANT 


PURPOSE AND SCOPE 


THE purpose of this investigation was to make a preliminary study 
of the characteristics and extent of volume changes in concrete 
masonry walls as affected by the moisture content of the block units at 
the time they were laid. This and further study is important from a 
practical standpoint as any means employed to reduce or eliminate 
volume change will aid in the control of shrinkage which, in large wall 
areas of above grade construction, may be sufficient to cause cracking. 
An equally important investigation which was not possible in this 
limited study is to determine to what extent a wall may shrink before 
cracking occurs. 

Measurements of shrinkage were made on 30 concrete masonry 
panels laid with block varying in age, moisture content and kind 
of aggregate. Block made with Elgin sand-gravel, Haydite and cinder 
aggregates were erected in panels at ages of 2, 7, 28 and 90 days. 
Granulated slag, Cowe Bay sand-gravel, and limestone units were 
erected in panels at the age of 28 days only. Compressive strength 
tests and moisture content determinations were made on individual 
specimens for all conditions studied. 

Included in the investigation were tests to determine the volume 
change resulting from the wetting of one side of the panels after they 
had reached a condition of equilibrium. The influence of high pressure 
steam curing on volume change, as shown by tests on similar panels 
made in connection with a separate investigation, is pointed out. 

MANUFACTURE OF BLOCK 

The 8 by 8 by 16-in. 3-oval-core block used in the tests were made 
in the Research laboratory of the Portland Cement Association in a 
power tamper, hand stripper, machine. The concrete was mixed in a 


*Presented at the 27th Annual Convention, Feb. 24-26, 1931. A preliminary paper on the investiga- 
tion now concluded was presented at the 26th Annual Convention, 1930. See A. C. I. Journat, 
April 1930; Proceedings, Vol. 26, p. 699 

tManager Cement Products Bureau, Portland Cement Association, Chicago. 
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3 cu. ft. paddle type mixer, using 0.40 sack batches which produced 
from 6 to 8 block per batch. Each batch was mixed one minute dry 
and five minutes wet. Uniformity in proportions was obtained by 
weighing cement, aggregate, and water. Only sufficient water was 
used to produce typical water-web markings. The block were tamped 
twelve times—four times on each of three layers. Immediately after 
stripping, the units were moist cured for 48 hr. in a saturated atmos- 
phere and at a temperature of 70° F. The units were then stacked in 
the Laboratory in such a manner that air could circulate freely around 
them. 


BUILDING OF PANELS 


The panels, which were laid up 9 courses high, were nominally 16 in. 
wide, 8 in. thick and 73 in. high. Two panels were built for each con- 
dition of test using a 1:1:6 cement-lime mortar (94 lb. portland cement, 
40 lb. hydrated lime and 600 lb. dry sand). Only the face shells and end 
webs were bedded in mortar. Joints averaged %¢-in. thick. The 
strength of the mortar was determined by means of 2-in. cubes cured 
48 hr. in the moist room (saturated atmosphere and 70° F.) and then 
stored in the laboratory on the panels. The compressive strength 
of these cubes when 28 days old was 560 lb. per sq. in. 

Two gage plates, for measuring wall shrinkage, were set in the 
mortar under the bottom course of block and two on the top of the 
eighth course. These plates, which were set at right angles across 
the panels and 2 in. in from the ends, provided 2 gage lines on opposite 
sides of the panel. Stainless steel plugs and screws attached to the 
plates established the gage lines on which shrinkage measurements 
were made. 

SHRINKAGE MEASUREMENTS 


All measurements were made with a 0.001-in. Ames dial mounted 
on a %-in. round steel rod of proper length pointed on one end. The 
length of this rod was checked at each reading on a standard bar con- 
sisting of a 2 by 2-in. steel channel fitted with gage points similar to 
those on the gage plates in the panels. Corrections of temperature 
were not made since readings on a reference gage line compensated for 
any differences in readings due to this factor. Included with the gage 
length were 8 courses of block and 7 mortar joints. Shrinkage of the 
1:1:6 mortar joints was considered to be constant for all panels. 

Readings of the initial length of the panels were made within half 
an hour after their completion in each case. Readings were taken at 
daily intervals during the next 30 days and less frequently thereafter. 
Air temperatures, taken each time the panels were measured, showed a 
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range of from 69° to 82° F. Relative humidity readings taken at the 
same time showed a maximum of 77 per cent, a minimum of 32 per 
cent and an average of 53 per cent. Shrinkage measurements were 
continued from April, 1929 through July, 1930. The values plotted 
in Fig. 1, 2, 3, 4 and 7 are based on the average readings for the 
two panels made for each condition of test. 


SHRINKAGE OF SAND-GRAVEL PANELS 


The shrinkage curves in Fig. 1 are based on measurements of the 
sand-gravel panels for each of the four conditions studied. These 
curves indicate that 2 days of moist curing followed by 5 days of air 
storage reduced the total shrinkage to about 75 per cent of that obtained 
with identical units laid up in a saturated condition when 2 days old. 
‘Twenty-six-day and 88-day air storage, following 2-days of moist 
curing reduced the shrinkage to about 35 per cent of that obtained 
with saturated units. 
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Fic. 1—SHRINKAGE OF SAND CONCRETE MASONRY PANELS 


Fig. 2—SHRINKAGE OF HAYDITE CONCRETE MASONRY PANELS 
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Fic. 4—SHRINKAGE OF CONCRETE MASONRY PANELS WTIH DIFFERENT 


AGGREGATES 


SHRINKAGE OF HAYDITE CONCRETE 


The curves in Fig. 2 show the shrinkage of panels of Haydite con- 
crete for each of the four conditions studied. They indicate that with 
units cured moist for 2 days and then in air for 5, 26 and 88 days, the 
shrinkage at the 150-day period was reduced to about 75, 50 and 25 
per cent respectively of that obtained with panels laid up with satu- 


rated units 2 days old. 


SHRINKAGE OF CINDER CONCRETE 


The shrinkage curves for the cinder masonry panels in Fig. 3 indi- 
cate that panels made with saturated units 2 days old and with units 
stored 5 days in air following 2 days of moist curing contracted about 
the same amount—about 0.95 in. per 100 ft. The total shrinkage of 
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panels made with 28-day and 90-day units was .43 and .34 in. per 100 
ft. respectively. These values are about 45 and 35 per cent of the 
shrinkage which occurred in the panels erected with the 2-day and 
7-day old units. 


TESTS OF CONCRETE MADE WITH OTHER AGGREGATES 


In Fig. 4 are plotted shrinkage curves for panels made with Cowe 
Bay sand-gravel, crushed limestone and granulated slag units laid up 
when 28 days old (2 days moist curing followed by 26 days in air) and 
containing 1.8, 1.3 and 4.3 per cent moisture respectively. For each 
of these panels the maximum shrinkage was reached about 150 days 
after erection. They then remained practically unchanged for the 
balance of the one-year period. 


RELATION BETWEEN MOISTURE LOSS AND SHRINKAGE 


Fig. 5 gives the relations between the shrinkage of sand-gravel, 
Haydite and cinder concrete panels and the moisture content of the 
panels at various periods. The moisture content was determined from 
the weights of individual units stored in the laboratory with their cor- 
responding panels. Values plotted are for panels erected with satu- 
rated units at the age of 2 days. 

The saturated units in the sand-gravel panels contained 5.3 per 
cent moisture at time of erection. The shrinkage of the panel followed 
closely the loss of moisture in the units, increasing in amount as an 
air-dry condition was approached. When an air-dry condition was 
reached the shrinkage practically ceased until the building was steam 
heated which caused a slight further contraction. 

In the case of the Haydite panels, the moisture content of the units 
was reduced from 19 to 7 per cent in 5 days of air storage and was 
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Fig. 5—RELATION OF MOISTURE CONTENT OF UNIT TO PANEL SHRINKAGE 
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accompanied by a shrinkage of only .05 in. per 100 ft. This small 
amount of shrinkage resulting from the relatively large loss of moisture 
may be attributed to the porous nature of the aggregate, a considerable 
amount of water in excess of that actually absorbed being held mechan- 
ically in the cellular spaces of the aggregate. The subsequent shrink- 
age followed closely the loss of moisture in the units until a room-dry 
condition was reached. 


The cinder panels behaved similarly to the Haydite panels shrinking 
.03 in. per 100 ft. as the moisture content of the units was reduced 
from 16.6 to 6.6 per cent during the first 5 days of air storage. After 
this period shrinkage increased rapidly as the units approached a 
room-dry condition when it practically ceased. 

The three curves show the importance of having units in an air-dry 
condition when laid if excessive wall shrinkage is to be avoided. The 
major portion of the shrinkage occurred between the 7 and 28-day 
storage period and accompanied the loss of the 2 to 3 per cent of 
moisture in excess of that contained in the units when in an air-dry 
condition. It is of interest to note that the volume change which 
occurred in the panels erected with units stored in air 26 days or more 
was less than that which would normally occur in the masonry wall 
due to a seasonal temperature range of 70° F. 


SHRINKAGE AS AFFECTED BY METHODS OF CURING 


In tests* made concurrently with the studies under discussion, it 
was found that high pressure steam curing was an important factor 


*'‘Some Tests of Concrete Masonry Units Cured with High Pressure Steam,” by P. M. Woodworth 
A. C. 1. Journat, February, 1930, Proceedings, Vol. 26, p. 504. 
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Fic. 6—EFFECT OF HIGH PRESSURE STEAM CURING ON SHRINKAGE OF 
CONCRETE MASONRY PANELS 
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Fic. 7—EFFEcT OF WETTING OF PANEL ON VOLUME CHANGE 





in reducing shrinkage. Results of these tests on a panel erected with 
air-dry, high pressure steam-cured units plotted in Fig. 6 show a 

j total contraction of only 0.05 in. per 100 ft.—a negligible wall move- 
ment which was probably due largely to shrinkage in the mortar. A 
second panel erected with saturated (5 per cent moisture by weight) 
high pressure steam cured units showed a maximum shrinkage of 0.25 
in. per 100 ft. A third panel erected with saturated (5.8 per cent 
moisture) low pressure steam cured units contracted about 0.54 in. 
per 100 ft. or approximately twice as much as the second panel, also 
erected with saturated but of high pressure steam-cured tile. The 
results obtained with these three panels clearly indicate that high 
pressure steam curing for the conditions of these tests greatly mini- 
mized the shrinkage of the panels and where air-dry units were used 
the shrinkage was practically nil. 


VOLUME CHANGE AS AFFECTED BY WETTING OF WALL 


In order to determine the effect of wetting one side of the panel 
additional measurements were made one year after their erection on 
4 panels built with Elgin sand-gravel, Haydite and cinder units and 
on 3 panels built with sand-gravel units cured with high pressure steam. 
The panels were sprayed with water for a period of 15 minutes by 
means of a compressed air spray gun operating under a pressure of 20 
lb. per sq. in. At the end of the 15 min. period free water ran down the 
face of the panel in each instance. This wetting treatment was 
repeated on six successive days. Measurements were made on the 


panels for a period of 28 days. The average movements for this period 
are plotted in Fig. 7. 
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All panels expanded fairly uniformly with each successive wetting. 
The day following the sixth wetting the maximum expansion of the 
Elgin sand and gravel panels was 0.10 in. per 100 ft. When wetting 
ceased, the panels contracted at a uniform rate and at the end of 12 
days had the same length as that before wetting. 

The expansion of the four Haydite panels was equivalent to 0.22 in. 
per 100 ft. at the end of the sixth wetting. They then contracted for 
22 days at which time they were of the same length as when wetting 
started. 

The total expansion of the cinder panels after the sixth wetting was 
0.18 in. per 100 ft. The panels then contracted, the same length as 
before wetting being reached in 16 days of room drying. 

The two panels made with high pressure steam cured sand and 
gravel units showed a maximum expansion of 0.12 in. per 100 ft. after 
the sixth wetting and then contracted slowly. At the end of 28 days 
when the contraction ceased they were slightly longer than before 
wetting. The panel erected with low pressure steam cured units 
expanded a maximum of 0.17 in. per 100 ft. and then contracted 
reaching its original length in 22 days. 

From the curves in Fig. 7 it will be seen that wetting one side of 
the panels made with the various aggregates for 6 successive days 
caused an expansion equivalent to about one-half the total contrac- 
tion which occurred in panels laid up with similar units moist cured 2 
days and air-stored for 26 days. With high pressure steam cured 
units the panel expansion was equal to approximately one-half of the 
total contraction that occurred when the units were laid up in a satu- 
rated condition. 


SUMMARY 


The principal results of this investigation may be summarized as 
follows: 

(1) The use of air-dry concrete block units reduced the panel 
shrinkage 65 to 80 per cent of that which occurred when saturated 
units were used. The total shrinkage of the panels laid up with air- 
dry block was less than the volume change which would normally 
occur in the masonry wall due to a seasonal temperature change of 
70° F, 

(2) The major portion of the shrinkage in the panels occurred 
between the 7 and 28-day period and accompanied the loss of the 2 to 
3 per cent of moisture ‘in excess of that contained in the units when in 
an air-dry condition. 
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(3) High pressure steam curing of units greatly minimized the 
shrinkage of the panels and where the units were dry when used the 
shrinkage was practically nil. 





(4) Wetting one side of the panels by spraying with water for 15 
min. on each of 6 successive days caused a maximum expansion 
equivalent to about one-half of the total contraction which occurred 
in panels laid up with similar units moist cured for 2 days and air- 
stored for 26 days. With high pressure steam cured units the panel 
expansion was equal to approximately one-half of the total contraction 
that occurred when the units were laid up in a saturated condition. 


TABLE | PHYSICAL PROPERTIES OF UNITS AND SHRINKAGE OF PANELS 





Data Covering Units When Laid in Panel 
- - Maximun 


ype of Aggregate Mix by Moisture (Comp. Str. Shrinkage 
Vol Age Moist Air Content Ib. per In. per 
Days Cured = Storage % by sq. in 100 Fr 
Days Days Weight Gross Area 
Elgin sand and gra. 1-9 2 2 0 5.3 TRO 0.60 
7 2 4 o.a O60 0.45 
28 2 26 an 1400 0.22 
. ”") 2 ss OLS 1480 0.21 
Hayd 1 2 2 0 19.3 460 0.68 
Damp 7 2 5 7.8 700 0.51 
ose 28 2 26 4.4 990 0.36 
a0 2 SS 2.8 1060 O.1S 
Cinders 1-7 2 2 0 16.6 240 0.92 
7 2 5 6.6 440 0.96 
2s 2 26 3.1 690 0.44 
90 2 ss 3.1 770 0.34 


Cowe Bay sand and gravel 1-9 45) 2 26 1.3 1050 0.38 
Crushed Limestone 1-10 28 2 26 1.8 1330 0.26 
Granulated Slag 1-4 28 4 26 4.2 910 0.67 


Readers are referred to the JourRNaL for March, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by Feb. 1, 1932. 














Bonpb, SHEAR AND DIAGONAL TENSION IN REINFORCED 


CONCRETE 
BY J. R. SHANK* 


MANY PRACTICING engineers who have little time or inclination to 
delve into the theoretical developments of many of the formulas com- 
monly used in structural concrete design use with feelings of some un- 
certainty the common formulas for bond and shear or diagonal tension 
because of the difficulty of visualizing them through the developments 
that are found in many of our best text books. It appears that many 
of them are needlessly roundabout and obscure. It will be attempted 
here to show what seems to be a more direct and logical procedure for 
the developments of the following expressions: 
i y= ry $= Avfuld, = A.fujd, and s = £ Suid | 
Lojd bjd 0.70" ae Vy’ 


i= 


sina + 


COSa) 
and their variations’ using the nomenclature of the Joint Committee 
report of 1924. 


(‘onsider a region on a beam where there is external vertical shear. 
See Fig. 1. At this region the moment diagram will be inclined repre- 
senting changes in the bending moments. Changes in the bending 
moments cause changes in the internal or resisting moments. Resist- 
ing moments may be expressed as resultant internal couples: 

M =Tjd or M = Cjd 
where T and C represent total tensile fiber stresses and total compres- 
sive fiber stresses respectively at the sections. Differences in the total 
tensile fiber stresses in the bars therefore exist at the ends of unit dis- 
tances in regions where external vertical shears exist because there will 
then be differences in the bending moments, in the resultant internal 
couples, and consequently in the values 7. In any given case of this 
kind we then have differences in the tensions in the bars of a beam at 
the two ends of a unit distance. Differences in tension at different 


*Research Professor, Engineering Experimental Station, Ohio State University. 
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points of a tension member can only exist if some other force is acting 
between these points. The only medium for introducing this equili- 
brating force is the bond between the concrete and the steel between 
the two ends of this unit distance. If 


Se ee! ot ee Be 


jd jd 
are these two total tensile forces at points n+/ and n respectively, the 
difference between them is this equilibrating force and is the bond per 
linear unit of beam. Then 


Mii:1—- M, V V 


zu = or 2u =— and u = —- 

jd jd >.jd 
The difference between the moments is V, the external vertical shear, 
times the distance n+/ to n, which in this case is unity. In other 
words the bending moment increment is numerically equal to the 


external vertical shear. 


The bond stress is a special condition of the horizontal shear. This 
horizontal shear per linear unit of the beam ~Y,u taken up from the 
steel by the concrete must be passed as horizontal shear, bv from layer 
to layer of the beam. We then have 

V V 
Sou = bv = — or v 


dj ~ bd 


This horizontal shear per linear unit of the beam, bv cannot be dissi- 
pated until it is carried up above the neutral axis where contrary 
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differences in fiber stresses exist. The dissipation is slow just above the 
neutral axis where the fiber stresses themselves and consequently their 
differences are small and more rapid near the outer fibers. It is a 
well known principle that the maximum horizontal shear always 
exists at the neutral axis of a beam. Reinforced concrete is no excep- 
tion to this though this maximum occurs all the way from the neutral 
axis to the tension steel. 


We have thus far considered v to be unit horizontal shear. It can 
be shown that it is also equal to the unit internal vertical shear. It 
may be interesting to note that v as just expressed as the maximum 
unit horizontal shear or the maximum unit vertical shear is greater 
than the average unit vertical shear over the whole beam section bd 
by the reciprocal of 7. 

: Vv V 
Average unit shear = — whereasv = -——- 
bd bjd 
The unit horizontal shear may combine with the unit vertical shear 
to produce a tension at 45 deg. to the horizontal or vertical. As con- 
crete has a very low value in tension it is this resultant diagonal tension 
that causes the designer considerable concern. It can be shown that 
this unit diagonal tension is also equal to the unit horizontal shear and 
may be represented by v. We must then reinforce certain beams for 
v, unit diagonal tension rather than for shear, notwithstanding the 
fact that we speak of shear reinforcing and speak of v as unit shear. 
We will now develop expressions for stresses in diagonal tension rein- 
forcing, or what is more practical, expressions to be used for designing 
diagonal tension or web reinforcing. 


The diagonal tensile stresses are the only tensile stresses that are 
considered below the neutral axis according to generally accepted 
theoretical bases. The lines of actions of diagonal tensile forces are 
therefore at 45 deg. to the horizontal for beams having constant 
depth. Consider an area at right angles to these lines of diagonal 
tensile forces b times s’ where b is the width of the beam and s’ is a 
dimension on the face of the beam perpendicular to the diagonal tensile 
force lines. The total diagonal tensile force over this area will be 
v’bs’ where v’ is that part of the complete unit diagonal tension to be 
taken by steel reinforcing. Let bars of area A, and unit stress f, 
take this stress value v'bs’. 


A.f, = v'bs’ 
It is convenient to speak of spacing dimensions s along the horizontal 
steel rather than as s’ at 45 deg. Then 
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s’ = scos45deg. or s’ = 0.7s 
Vy’ 
Also y =. z 
bjd 
where V’ is a corresponding part of the total external vertical shear. 
Then 


re ee = V's ‘ 
jd 
from which we may express formulas for spacing or for required cross- 
sectional area A, 
2 A,f.jd eet iatt 0.7 V's 
0.7 V’ fijd 
Since we considered only bars running perpendicular to the area s’b 
or in line with the diagonal tensile forces, these expressions apply only 
to bars inclined at 45 deg. We find it often economical and convenient 
to use diagonal tension reinforcement in a vertical position or per- 
pendicular to the longitudinal steel. Such reinforcement is then at 
45 deg. to the lines of action of the forces which it must take up and 
is therefore in a disadvantageous position. The stresses for such bars 
would then be increased by the secant of 45 deg. From a design stand- 
point we would be obliged to introduce larger steel or space a given 
size closer to keep the unit stresses down to the allowable value. The 
expressions would then be 


$= Afijd or Av = a 
Vy’ fijd 

in which the values for the secant of 45 deg. cancel those for the cosine. 
These two expressions are simpler in their appearances but are not so 
simple in their development as are those for bars inclined at 45 deg. 

We will now consider bars at angles other than vertical or 45 deg. 
The stresses in bars other than at 45 deg. would be greater than those 
at 45 deg. by the secant of the angle 8 that the bar makes with the 
45 deg. line. The two expressions are then 
= A fujd cos B and A, = Oe V 

0.7 V’ S.jd cos B 
Now here again it is convenient to express the angle as a, the angle 
with the horizontal. We then have 


8 


8s 


$s = - fad cos (45 deg. — a) or 8 = A fg cos (a—45 deg.) 
+ 0.7 V 
Now cos (45 deg. — a) or cos (a — 45 deg.) = cos a cos 45 deg. + 
sin a sin 45 deg. 
but cos a cos 45 deg. + sin a sin 45 deg. = 0.7 (cos a + sina) 


since both cos 45 deg. and sin 45 deg. equal 0.7. 
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Fic. 2—GRAPHS SHOWING VARIOUS EXPRESSIONS FOR STRESSES IN WEB 
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ran A, f jd sV’ 
Phen s “““—-(cos a + sin a) and A 
J fijd (cos a + sin a) 
V's l * 
orf, = : : ory =* (sin a@ + CO8 @). 
A jd (sin @ + COS @) bs 


The last one is the expression as given by the Joint Committee of 
1924 for a@ less than 45 deg. 


Fig. 2 shows graphically the various expressions for stresses in web 
reinforcing that have appeared in the two Joint Committee reports 
and a suggested change for bars at angles greater than 45 deg. The 
graphs are drawn to represent the stresses A,f, for bars at angles 
15 to 90 deg. with the horizontal, showing at the left the propor- 
tionate increase or decrease in stress from that of bars at 45 deg. and 
at the right from that of vertical bars. These graphs are drawn 
similar to those which appeared in the Journal of Boston Society of 
Civil Engineers, February, 1925. The expression given by the 1916 
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Joint Committee report was S = 34 v’bs, that by the 1921 report and 
by the 1924 report for angles greater than 45 deg., S = v’bs sin a, and 


] 


by the 1924 report for @ less than 45 deg., S = v’bs 

sin a+ cos a. 
This last one is the same as has just been developed if A,f, is sub- 
stituted for S. The general expression developed here suits the Joint 
Committee report for 1924 for angles less than 45 deg. It is suggested 
that it be considered for angles greater than 45 deg. The solid curved 
line shows this for the whole range from 15 to 90 deg. It seems reason- 
able to consider the lines of action of the diagonal tension forces as a 
basis upon which to consider actions on other lines. It does not seem 
reasonable that on the one side of this line one formula should be 
used and on the other an entirely different one should hold. If no 
bending fiber stress action is to be considered below the neutral axis 
then the same expression must serve for both sides of the 45 deg. line. 
If some bending tensile fiber stresses shall be considered below the 
neutral axis, and it is entirely reasonable to consider this, then the 
basis line shall be on an angle less than 45 deg. and the vertical stirrups 
will be at much greater disadvantage. It can not be understood that 
web reinforcing is in any sense shear reinforcing because the shearing 
resistance of concrete is so very much greater than the tensile resistance. 
The writer cannot see any good reason for the curve between 45 and 
90 deg. taking the form called for by the Joint Committee report of 
1924. 

The writer takes no credit for producing anything new either in the 
procedure for the development of these formulas or in the discussion 
of the applications of them. It is known that some of our text books 
both old and new give developments somewhat like this particularly 
for v and u but he has found none that are satisfactory for the stress or 
design expressions. He has used this method in his classes for a 
number of years and has found it quite satisfactory and is therefore 
publishing it for consideration by others. 


Readers are referred to the JourNaw for March, 1932, for discussion which may 
develop. Such discussion should reach the Secretary by February 1. 





Discussion of Report of Committee 108: 


“PROPERTIES OF MAss CONCRETE”’* 


BY A. S. DOUGLASST 


The report contains a great deal of valuable information on concrete 
setting temperatures, in dams, locks, and bridges as well as those 
obtained from laboratory experiments. Possibly the following data 
on setting temperatures in caisson building foundations might be of 
some value. The tests were made at the Detroit Edison Co. Delray 
plant where foundations are being put in for an extension to Power 
House No. 3. 

The temperatures were read in two caissons, viz: Bll and U7D. 
Both were the same type, the former 5 ft. 6 in. in diameter and the 
latter 6 ft. in diameter. They were lined with 2 in. tongue and groove 
lagging supported by steel channel rings as illustrated. This lining 
was carried down to the hard pan, from which point excavation was 
belled out to diameters of 7 ft. 6 in. and 8 ft. respectively at rock, with 
no lining in this belled-out section. 


*A.C. I. Journat, January 1931, Proceedings, Vol. 27, p. 385; and discussion, May 1931, p. 1165. 
tConstruction Engineer, Detroit Edison Co., Detroit, Mich. 
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Fic. 2—LOcATION OF THERMOCOUPLE IN CAISSON U7D 


Fic. 3—LOcATION OF THERMOCOUPLE IN CAISSON B-11 
+ 


The material through which these caissons were driven was approx- 
imately 25 ft. old cinder fill; 55 ft. soft blue clay with about 6 ft. of 
extremely soupy material directly above the hard pan. 


The concrete was handled in 1% yd. buckets and dropped free from 
top of caisson. When the concrete reached the top of the belled-out 
section thermocouples were placed as follows: In B11 an iron con- 
stantan thermocouple inside a 34 in. O. D. steel tube was placed in the 
concrete 1 ft. 6 in. from the side of the caisson. The end of the steel 
tube was closed by a steel plug and the thermocouple wire ends were 
peened into this plug, forming the hot junction of the thermocouple. 
In U7D a copper constantan thermocouple was used with the wire 
ends peened into a brass plug to form the hot junction. In this case 
the thermocouple was placed in the center of the concrete calsson. 
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TABLE 1—DETAILS OF CONRETE MIXTURES 
“es iesinteshcemaete | aie tim hen. 
} Proportions by Volume 
Date | Mix Caisson Water, Gal. | Real Mix 
1931 | No. Number | Per Sack | Huron Sand | _ Pebbles 
| } Cement | Inundated | Damp Loose 
Ee ——— | | ———— | 
21 t | Bll 4.86 | 1-3.6 1 1.90 2.44 
8-26 2 U7D 4.55 1-3.23 1 1.71 2.19 
—— = —_ . ~— _ — —— i 
Typical Sand Analysis Sieve Typical Pebble Analysis 
Per Cent Per Cent 
PNT Gh p00 tia w'ecen. ote ws 5.ce eee 7.5 
% in. . . 60.0 
% in. . 87.5 
_ = ..No. 4 . 98.1 
15.6.. ..No 8 ..100.0 
err - as. = 100.0 
fa No. 28 100.0 
arr ..No. 48.. 100.0 
100.0.. .. No. 100.. . 100.0 
2.773 Fineness Modulus 7.531 


TABLE 2—MaAxXIMUM AND MINIMUM TEMPERATURES 





j 
| | 


Concrete Temperatures 





Temp. of Clay | 








Caisson Atmospheric Air Temp 30 ft. Below Initial Maximum | Receded to 
Number Temp. Bottom of Exc. Ground  - | Time Time 
°F oF. °F °F. | Hrs. | °F. | Days 
B11 62 (Days) 59 52 61 106144) 53 65 | 20 
46 (Nights) 
U7D 60 (Nights) 64 52 68 137 38 78 16 


70 (Days) 


In B11 the location of the thermocouple in the concrete was 77 ft. 
below the top; (84 ft. below ground level) 1 ft. 6 in. from one side; 4 ft. 
from the other side and 17 ft. above the bottom. 

In U7D the thermocouple was 56 ft. below the top; (86 ft. below 
ground level) 15 ft. above the bottom and in the center of the 6 ft. 
diameter concrete shaft. 

Table No. 1 gives details of the mix, and the materials used. 

Table No. 2 gives the maximum and minimum temperatures, to- 
gether with atmospheric and ground temperatures. 


BY HUBERT WOODS AND HAROLD H. STEINOUR* 


Raymond E. Davis and G. E. Troxell have performed a valuable 
service in preparing so comprehensis » a report on the state of our 
knowledge of the properties of mass concrete, and in indicating means 
whereby our knowledge may be improved. 

The present discussion will be confined to one phase of the matter, 
namely, the generation of heat by hardening cement. 


*Riverside Cement Co., Los Angeles, Calif. 
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We are indeed glad to see the increasing emphasis placed on the 
chemical nature of the heat generating phenomenon, both by the 
authors of the report, and by others who have commented thereon. 

The full recognition of the fundamental fact that we are here dealing 
with chemical or physical chemical processes will go a long way 
toward pointing out proper paths of attack on the problem. That the 
problem needs to be attacked appears rather obvious, in view of the 
almost total lack of published quantitative fundamental data on the 
effect of the various variables on heat evolution. 

Primarily, the heat generation is a function of the chemical and 
physical nature of the cement, the relative amounts of cement and 
water, the conditions (such as temperature) under which the reaction 
takes place, and the duration of the reaction. We may say, with some 
degree of assurance, that the aggregate as such does not usually have 
a great deal to do with the reaction. 

We know, from observations on actual structures, that the heat 
evolution continues for considerable time, at least a month, and perhaps 
much longer. 

Furthermore, in any investigation of heat evolution it would be 
desirable to use small amounts of materials, so as to minimize the cost 
of the work. 

With these considerations in mind, we are ready to formulate some 
tentative specifications for a research into the matter of heat evolution 
of hardening cement. Some of these are here listed: 


1. The final data should enable us to predict the heat evolution 
at all ages under definite conditions in mass concrete. 

2. The data must be of an accuracy adequate for engineering pur- 
poses. 


3. The methods must be capable of giving data of the required 
accuracy over long reaction periods. 


4. The cements studied should be produced under controlled con- 
ditions, so as to eliminate, as far as is possible, all variables other than 
the one under investigation. Any undesirable residual variables which 
may be present should be investigated at least sufficiently to allow 
good estimations of their effects. 


5. Cement composition, particle size distribution, and water-cement 
ratio should be among the variables investigated. 

6. Small amounts of material and small scale methods are to be 
desired, provided the other specifications may be met. Of course, 
larger amounts of material and tests on a larger scale may be used as a 
check on small scale results. 
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It is recognized that these requirements are very general, that the 
list may not be complete, and that it may be impossible to meet them 
all completely in any one research. However, it is our opinion that 
any proposed investigation of this problem should be planned with 
these points in mind. 


Outside of the first requirement listed, which is so general as nearly 
to constitute a statement of our goal, perhaps the most neglected of 
these requirements is the third, namely, that the methods must be 
capable of giving data of the required accuracy over long reaction 
periods. We would like to confine the remainder of this discussion to a 
consideration of this point. 


A recognition of the physical chemical nature of the hardening pro- 
cess suggests a very simple method of obtaining accurate information 
as to the heat evolution of hardening samples of cement pastes over as 
great time intervals as we desire. 


If the heat of solution of a given amount of hardened cement paste 
in some standard solvent, say nitric acid of definite strength, be sub- 
tracted from the heat of solution of an equivalent amount of dry 
cement and the required mixing water, the difference will be the heat 
evolved by the reaction between cement and water. This follows from 
the fact that the change in heat content of a system in passing from 
one state to another is independent of the path whereby the change is 
made. This is known as ‘Hess’ Law of Constant Heat Summation.” 


In this case, the initial state is dry cement, liquid water and standard 
solvent, all at constant temperature and pressure. The final state is 
a solution of cement and water in the standard solvent at definite 
temperature and pressure. In one case we pass from initial to final 
states directly by solution of dry cement and liquid water in the solvent. 
In the other case we cause the cement and water to react for any length 
of time at any temperature or through any temperature history we 
choose, and then pass, by solution, to the final state. As stated before, 
the difference between the heats of solution is the heat evolved on 
hardening. 


This method is not new; it is used extensively in physical chemical 
work. 


A calorimeter for determining the heats of solution can readily be 
made to give an accuracy of one part in a thousand. The differences 
for two days hardening may be of the order of one-tenth of the heats 
of solution, so the accuracy of the two day data will be about 1 per cent. 
This accuracy will increase with age, since the differences are larger. 
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Only one calorimeter is required, and the actual determination of heat 
of solution requires only two or three hours. 


It is suggested that the above outlined method of determining the 
heat evolved by hardening cement pastes has some very definite 
advantages over the usual method of observing directly the tempera- 
ture rise of the paste samples placed in vacuum or other calorimeters. 











Discussion of three Papers* under the general heading: 


WoORKABILITY AND ADMIXTURES 


““A Srupy oF THE FLow TABLE AND THE StuMpP Test” 
BY GEORGE A. SMITH AND SANFORD W. BENHAM 


““A Srupy or SLuMP AND FLOW oF CONCRETE” 
BY INGE LYSE AND W. R. JOHNSON 


‘‘ADMIXTURES AND WORKABILITY OF CONCRETE” 
BY G. M. WILLIAMS 


DISCUSSION BY C. P. DERLETHT 

Proressor Wi.urAMs’ paper, ‘“Admixtures and Workability of 
Concrete,’ is a distinct contribution to the clarification of a highly 
controversial subject, particularly as regards the amounts of the various 
commercial materials to be used per unit of concrete or per sack of 
cement. Quite logically the Portland Cement Association has pro- 
moted the use of additional cement in place of admixtures and raised 
the question of economy. 


Largely by comparisons and experiences in the field have evaluations 
been made as to the type of workability material most effective pound 
for pound. The writer has suggested test methods leading to evalua- 
tion along lines somewhat similar to those employed by Professor 
Williams, stressing also the need for investigation by disinterested, 
qualified investigators. Producers of colloidal admixtures have stressed 
such factors as the absorption and paste forming capacity of the work- 
ability media, and it is regretted that commercially available materials 
of the crystalline and amorphous types only have been reported upon 
in Professor Williams’ paper. Hydrated lime falls in the category of a 
combination of crystalline and amorphous material and diatomaceous 
earth (Celite) is an amorphous silica of organic origin. 

*The three papers were discussed at the 27th Annual Convention, Milwaukee, February 24-26, sub- 
sequent to publication in this JournaL. “A Study of the Flow Table and the Slump Test,’ by George 
A. Smith and Sanford W. Benham, January, 1931, Vol. 27, p. 420. “A Study of Slump and Flow of 
Concrete,”” by Inge Lyse and W. R. Johnson, January, 1931, V. 27, p.439. “Admixtures and Worka- 
bility of Concrete,”” by G. M. Williams, February, 1931, Vol. 27, p. 647. Discussion here presented 
by C. P. Derleth and W. C. Bruce, the latter revised from the convention transcript, should, but for 
lack of space, ve appeared with other discussion published in these pages in May (Proceedings, Vol. 
27, p. 1133) {DITOR 


tPresident, Colloy Products Co., St. Louis, Mo. 
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“ven restricted to two of the three general types of admixtures, 
these tests bring realization that all admixtures and their relative 
economies are dependent upon type and quantity requirements. 

In Table 1, as measured by volume of paste formed ‘four of the 
admixtures are grouped fairly closely’ for the reason that they are 
all of the crystalline type. The increase in the volume of paste formed 
over that from an equal weight of cement may be due to a lower actual 
specific gravity and a greater fineness of these materials than that of 
cement. The outstandingly larger volume of paste formed from the 
given weight of Celite is approximately proportional to its capacity for 
absorbing lime water. The apparent specific gravity of Celite in the 
fluffed state is in the order of .15 as compared with 2.65 actual, the 
average specific gravity of cement being 3.1. Therefore, though the 
actual solid volume of the two admixtures per unit weight is nearly 
identical they have different surface areas exposed. The marked 
differences in the volumes of paste formed, therefore, is some function 
of the surface areas of the particles of the siliceous materials. An 
interesting study as regards admixtures is therefore suggested: an 
investigation of the relation of surface area, grain size and distribution 
to absorption and paste forming capacity. The colloidal type com- 
mercial admixture, because of the minuteness of particle size and 
greater surface area has greatest absorption capacity in forming non- 
segregating pastes. 

The water absorption and paste forming capacity is in general con- 
firmed by tests conducted by the writer at Washington University: 


Crystalline type. . 18 per cent average of 2 brands 
Amorphous type. . 306 per cent 
Colloidal type 412 per cent 


The lubricating efficiencies of these pastes which, while probably 
difficult of actual measurement, are evident in an examination of the 
pastes formed from the three types of admixtures. 

The writer would like to inquire whether after making the pastes 
with water the pastes were set aside to permit sedimentation of the 
cement and crystalline admixture pastes? If not, it is probable that 
a portion of the volumes would be reduced by the removal of such 
water not actually absorbed by the crystalline substances. 


Repetition of the author’s tests employing saturated lime water 
may result in a marked change in the evaluation of material No. 6 and 
influence also the results from Colloy as possibly used in the future. 
Tests by the writer show that because of the relatively small surface 
area the results with the erystalline materials are not materially 
affected when lime water is used instead of tap water. Alkalinity 
influences the gelatinous characteristics of the amorphous and colloidal 
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types of admixture pastes, increasing coherent properties of such pastes. 
The effects of varying hydrogen ion concentrations of natural sands, 
a related matter, are now being investigated by the Maine Techno- 
logical Station. 

Such tests as conducted by Professor Williams eliminate the effects 
of the fines from cement in determining the relative amounts of the 
various types of admixture or cement required to give masses having 
the same water content and flow or slump. Too many investigations 
on workability and admixtures are made with this variable from 
cement. Based upon advertised values the following absorption ratios 
are given: 


Cement 1 

Crystalline 1.42 
Amorphous 7.14 
Colloidal 11.78 


So far as Tables No. 1 and 2 cover, these values are somewhat pro- 
portional to Professor Williams’ findings. A reason—advanced for 
the difference between the volume of paste per 100 grams of a material 
and the relative increase in mortar volume per 100 grams admixture is 
that, in the mortar mixes a portion of the absorption requirements of 
the admixture is satisfied by what normally in plain concrete is 
‘vehicle’? water which, without the admixture, would be ‘“‘free water.” 
This in such a mix would tend to separate by settlement of aggregate, 
or would tend less effectively to reduce segregation. 

The degree of segregation as determined by Professor Williams might 
possibly be better determined through the vibration of the flow table 
for equal periods of time by use of mechanical vibrators. Vibration 
would furnish uniformly the energy required to start plastic flow, 
gravity inducing hydraulic flow. 

Plastic masses made up of given weights of aggregates, to which 
workability is to be imparted through the medium of equal volumes of 
pastes of admixtures or cement with a fixed volume of water to yield 
concrete of the same flow, confirm that: 

1. All admixtures are not to be put in one category. 

The three general types have marked differences in efficiency. 
With sufficient pastes the rolling effect of wet aggregates on a 
flow table is converted into true flow and that the “breaking” of slump 
cones is avoided. 


») 
» 
». 


The results of Series 3, Washington University, follow: 
Meramee (1 in.) gravel and Meramec sand, which had all of the 
fine material—passing a 30 mesh screen—removed by screening to 


avoid losses in subsequent washings, was used. After washing out the 
workability paste of cement or admixture through a No. 48 sieve, the 
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same identical aggregate was used in the succeeding mix, and the 
weight of aggregate and water checked after each test. The weight 
of dry aggregate at the end of the test was within 2.5 per cent of the 
weight used with cement at the start of the series. 


Sieve Analysis of Sand Used Absolute volume of materials. Assumed 
5 lb. sample cific gravity of cement and admixtures 3.1. 
Lbs. Per Cent Fi ures, in cubic feet, give approximate 
Sieve Retained Retained volumes of the pastes for filling the voids and 
4 .03 0.6 plasticizing the aggregates. 
8 1.27 25.4 
14 2.80 56.0 Water Admix. Total 
28 4.08 81.6 .058 Cement, 026 O84 
48 4.97 99.4 ( Removed by 058 Barnsdall, .0155 O74 
100 4.99 99.8/ Screening 058 Pumicite, .0103 .068 
Fineness modulus—3.63 058 Celite, 0048 063 
Prior to screening 058 Colloy, 0036 062 
Material Admix. or Weight in Pounds 
Cement Water Sand Gravel Slump Flow 
Cement 5.00 3.6 12.5 17.5 5 in. 180 1:244:314 mix, dry 
rodded by weight 
Barnsdall 3.0 3.6 12.5 17.5 3% in. 175 Broke in slump 
Pumicite 2.0 3.6 12.5 17.5 None 180 Broke and rolled 
in flow test 
Celite 0.93 3.6 12.5 17.5 4 in. 170 Broke and rolled 
Colloy 0.70 3.6 12.5 17.5 4in. 175 Flowed 
None ‘<8 wet,drained 12.5 17.5 bok 175 Broke and rolled 


Using the weight of Colloy as 100 per cent, the weights of other 
admixtures and cement used were as follows: 


SS RR TSR Fea ; Ed idek cldsee bed . sees... 100 per cent 
Celite..... és DER ES SE See ae ; f 132 per cent 
Pumicite...... dddseneea Beker rrirttee i. . 
Barnsdall. . ovat ae a. .. .428 per cent 
Cement.... Uy ey) Coe gear eee ...714 per cent 


If we take the evaluation made hy Posheene Williams’ method and 
apply these relative efficiencies to the following ripen recommenda- 
tions of the manufacturers of admixtures in 1:2:4 concrete, as taken 
from the literature there is some concordance: 


Admixture Lb. per Sack Average 
Colloy 2 2 
Celite 2-4 3 
Barnsdall 4-7 5.5 

aime 6-8 A 


Based on tests with the modified workability penetration apparatus 
designed by Pearson and Hitchcock of the Bureau of Standards; also 
checked by field observations the Missouri State Highway Department 
requires the approximate relative ratios of the amorphous and crys- 
talline materials shown as necessary by Professor Williams’ method of 
evaluation, namely: One to three, additional water being permitted 
to compensate for absorption requirements 

When investigators write on a subject containing controversial 
elements, as indicated in the divergent conclusions of the authors of 
papers on slump and flow, chances are more than even that one or 
another of the papers will be extremely vulnerable or patently ridicu- 
lous. The result of the efforts as outlined in the contradictory con- 
clusions commented upon by the Editor of the JouRNAL are more or 
less dependent upon comment to prove which of two methods is best 
adapted for the determination of wetness or consistency. 
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Smith and Benham’s paper, “‘A Study of the Flow Table and Slump 
Tests,’ indicates conclusively that additional water must be used 
with Celite in order that slump or flow be not reduced. All figures 
show the necessity of additional water to maintain given slump or 
flow when the absorbent admixture is added. The amount of admix- 
ture used per batch being constant, additional water being used in the 
admixture concrete, means that workability paste was added to plain 
concrete. This addition of workability paste did not reduce flow or 
slump. Nevertheless, the actual solid volume of the admixture and 
water (paste), giving increase in paste to aggregate ratio, caused the 
“improvement on smoothness,’’ mentioned by the Portland Cement 
Association’s investigators, as occurring from the use of the admixture. 
The use of the additional water to compensate for the absorption or 
adsorption on the large surface area obtained from the admixture 
logically did not reduce the strength of the admixture concrete below 
the strengths of the plain concrete. The data confirm that the addi- 
tional water used with the admixture did not cause appreciable change 
in consistency and accordingly did not induce segregation. 


It is the writer’s opinion that the flow table method is useful in 
determining the amount of water which may be used with a given 
weight of admixture without changing the condition of apparent 
wetness or consistency of concrete with and without admixture. The 
graphically presented information in the two papers reveals that the 
flow table gives more satisfactory results when using a wider range of 
wetness than is to be depended upon when using the slump method. 
As a measure of workability the small differences in flow caused by 
variation in the number and intensity of drops of itself condemns the 
present flow table method as an accurate means of measuring worka- 
bility. 

It is noted that as the mixes become wetter the curves on flow 
flatten, this being logically explainable in that hydraulic flow as differ- 
entiated from plastic flow influences the results. Plastic flow requires 
the application of kinetic energy. In Williams’ tests the energy was 
used to induce, in order to determine the degree of segregation. 
Hydraulic flow requires solely gravity to induce flow. In the slump 
test gravity is depended upon to induce slumping. 

If we take a concrete of greater flow and convert what normally 
would be fluid water into a coherent colloidal or gelatinous mass 
either by the addition of a colloidal substance or by increasing the 
surface area through the use of an amorphous or crystalline substance 
this water is then reduced to a coherent non-segregating condition 
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whereby it acquires plastic flow instead of hydraulic flow. Whenever 
the amount of water is increased over that critical amount necessary 
for plastic flow, segregation inevitably takes place. An increase in the 
colloidal content to convert the additional water into a plastic from 
a fluid will cause the mass to retain its plastic flow properties. Plastic 
flow is accordingly more accurately measurable over a wider range of 
consistencies by the flow table than by the slump test method. The 
slump test particularly does not register influences on consistency of 
colloidal substances whether these be contained in cement, whether 
obtained as the result of long time mixing or most readily by the addi- 
tion of a colloidal type admixture, causing formation of a gel structure. 


Tests by Lyse and Johnson are restricted to the effects of amorphous 
and crystalline types of admixtures, no commercial admixture of the 
colloidal type having been included in the series although available at 
their laboratory. 


The failure to include « commercial colloidal type admixture in 
tests as to the relative value of the slump and flow methods, particu- 
larly in considering the adaptability in the measurement of workability, 
is regretted since the presence or lack of small amounts of colloidal 
matter in a concrete mass have marked effect on consistency or apparent 
wetness and consequently have great influences on both slump and 
flow. Small per cent variations in the colloidal content will cause 
great differences in slump and less effect on flow. Eighty-five per cent 
water and 15 per cent of solid in the form of colloidal gelatine will 
change from fluid condition to a condition where it has zero slump. 
Such a mass having no slump can have considerable flow on a flow 
table because of the application of kinetic energy which causes the 
mass to have plastic flow. Colloids present in concrete can therefore 
have great influence on results. 


While Lyse and Johnson admit that the slump test was developed 
for ‘measuring the consistency” and in discussing the slump and flow 
table methods state that ‘Neither have been widely accepted as suit- 
able measures of the elusive property called workability,” they refer, 
later in their paper, to the two methods as being adaptable for measur- 
ing workability of concrete with or without admixtures. The recogni- 
tion by the Portland Cement Association investigators that some 
admixtures have a smoothing effect causing an improvement in work- 
ability indicates that the relative lubricating efficiency of given volumes 
of pastes from colloidal, amorphous, and crystalline admixtures, or 
from a crystalline material such as additional cement influences the 
relative efficiency per pound of such materials. Celite, an amorphous 
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silica admixture, gives a smooth paste. Crystalline or abrasive sub- 
stances give less lubricating effect per given volume of paste. It 
appears logical, therefore, that a specification requiring the addition to 
plain concrete of a definite volume of non-segregating, semi-solid lubri- 
cating paste per cubic yard of concrete would simplify the specification 
as fixing the relative weights of admixtures to be used although the 
definite volume of the more highly lubricant pastes would provide 
greater lubrication than equal volumes of the more abrasive pastes. 
Determination of the relative weights of various admixtures required 
to yield the desired volume of workability paste could be readily made 
on each job. This would permit additional water to compensate for 
absorption by the admixture without influencing otherwise the design 
of the plain concrete. The relative weights of admixtures used by 
Professor Williams in preparing given volumes of pastes is illustrative 
of the simplicity of his method of determining the relative amounts of 
admixtures or cement required to give the desired workability or 
lubricating paste to be added per unit volume of plain concrete. It is 
submitted that of the methods proposed, that sponsored by Professor 
Williams is logical, simple, and useful in evaluating workability media. 


BY WARREN C. BRUCE* 


Professor Williams does not develop that the efficiency of an admix- 
ture in the design of low water-ratio concrete is complicated by the 
different quantities of water absorbed by various admixtures. It 
seems that since a large proportion of the concrete being placed is 
designed in reference to the water-cement ratio, the ideal admixture 
would increase the concrete’s flowability without adding water. The 
efficiency of an admixture should be rated on this basis—those coming 
closest to this ideal being most efficient for practical purposes. The 
author’s work is in the right direction, but 1 would retabulate his 
results, and draw somewhat different conclusions. 

In the author’s Table 1, dividing the relative amount of mixing water 
by the relative volume of paste, gives a new factor for comparison— 
the “water-factor per unit of paste volume.’’ The retabulated Table 
No. 1 is shown. 

This same method could be applied to others of the tables. The 
comparison shows that No. 4 admixture (tripoli) has the lowest water- 
factor per unit of paste volume, and that is the way the author rates 
them in efficiency; i. e., by means of the relative paste volume and, of 
course, that has a direct bearing on the practical use of the admixtures, 
especially when concrete is designed by the water-cement ratio. 


*Sales Manager-Chemical Engineer, Barnsdall Tripoli Co., St. Louis, Mo. Convention discussion 
Milwaukee, Feb, 24-26, 1031, 
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TABLE 1 (RETABULATED)—-RELATIVE VOLUMES AND WATER-FACTORS OF PASTES OF 
SAME FLOWABILITY PRODUCED WITH EQUAL WEIGHTS OF ADMIXTURES 





| Relative Amount of | Relative Volume of ad Relative Water- 





Mixing Water Paste per 100 Grams Factor per Unit of 
Admixture Required | of Admixture Paste Volume 
Cement). . 4 1.0 1.00 1.00 
Vankelad A) . 3.2 1.95 1.64 
3 (Vankelad B).. 3.3 1.95 1.69 
4 eemee’s Admix.) 2.4 1.62 1.48 
Hydrated Lime).. ey 3.4 2.00 1.70 
3 0 re 13.0 5.70 2.28 


On page 652, preceding Table 4, the admixtures are listed by number 
with the relative weights of admixtures for equal volumes of paste. 
These tests were conducted in the laboratory in watertight forms (test 
tubes) ; if duplicated under field conditions, the efficiency figures would 
be changed in some cases. We should not compare the various cements 
and various admixtures merely by mixing them with water in water- 
tight forms, because if you compare them under field conditions, the 
admixtures and the cement undergo pressure. The pressure on the 
cement-admixture paste squeezes the water out into the ground and 
through the forms which are never quite watertight. Even when the 
forms are practically watertight, tamping and rodding bring some 
of the water to the top where it washes over the forms. Any water lost 
decreases the volume of the cement-admixture paste in the mix. In 
other words, there has been a mistake in using the term “‘bulking”’ as 
synonymous with the term “increased yield.” “Bulking’’ is a function 
of the excess water carried in the paste, and the “increased yield” is a 
function of the wet-packed volume of the paste after it undergoes field 
conditions of pressure, tamping, water leakage, etc. Tests in water- 
tight tubes, cannot determine the efficiency of admixtures in field 
work—especially where the relative efficiencies are being based solely 
on “bulking,” without considering the real advantages and merits of 
admixtures in concrete, such as flowability, density, watertightness, 
etc. (Water which causes “bulking” is excess water, and any of it 
held in the paste until the initial set evaporates later, leaving increased 
voids, decreased density and watertightness). 

(Mr. Bruce produced test tubes of tripoli, and of diatomaceous 
silica; added water and demonstrated bulking; then applied pressure 
to the paste in a handkershief to show results in field conditions to 
which he has directed attention. Such a demonstration does not lend 
itself readily to published discussion and omissions have been nec- 
essary.— Editor. ) 














~ 


Workability and Admiztures 20 


AUTHORS’ CLOSURE BY 
INGE LYSE* AND W. R. JOHNSON 


The authors limited their study to the effect of the addition of 
cement and admixtures to the concrete mix and found that, ‘‘All data 
included in this series of tests show that the slump gives a more suitable 
indication than the flow of the increased workability of concrete pro- 
duced either by enriching the mix or additions of admixtures.’’ The 
authors note with satisfaction that the results obtained by Smith and 
Benham agree very well with this finding. Mr. Smith’s question as to 
the logic of classifying an increase in slump for mixes of a given flow 
to indicate improvement in workability is answered very well by Mr. 
Burmister. Mr. Burmister’s unique method of studying the slump- 
flow relation is most interesting and promising. 

In recent years improved methods of placing concrete have somewhat 
changed our conception of workability. This is especially true for con- 
crete placed with a vibrator. The workability of concrete is dependent 
upon both the method of placing and the composition of the mix. A 
concrete mix is workable when it can be properly compacted and pro- 
duce concrete of a given quality. The most workable concrete of a 
given quality is that concrete which can be compacted for the least 
cost with a given method of placing. The question of workability is, 
therefore, of an economic nature. 

Kach method of placing will thus have an optimum workable rix 
and the method of measuring the workability should make use of the 
same type of placing as that used in the construction in order to give 
representative information. Admixtures found valuable in improving 
workability for one certain method of placing may be of little value 
when another method is used. Mr. Derleth shows that the colloidal 
type of admixtures will add to the workability of concrete placed by 
means of jigging, while the use of the same type of admixtures will 
decrease the workability when the placing depends upon the gravity 
and plasticity of the mass. 


AUTHOR'S CLOSURE BY G. M. WILLIAMS 


The writer regrets that tests of admixtures of the colloidal silica type 
were not included in the data of the original paper but these materials 
were included in a later discussiont. While the volume of paste formed 
by the addition of water to neat admixtures seems to measure the 
efficiency of the material in reducing or preventing segregation when 
applied to crystalline or amorphous types, this criterion does not apply 


*Now Research Assistant Professor of Engineering Materials, Lehigh University, Bethlehem, Penn 
sylvania 


tA. C.1., Jovanat May 1031; Proceedi Vol, 27, p. 1150 
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to the colloidal types. The colloidal type furnishes the greatest volume 
increase but the resulting paste lacks adhesiveness and density neces- 
sary to prevent segregation of coarse aggregate particles. Relative 
efficiencies of all three types can best be measured by actual segrega- 
tion tests of identical concretes, in which the admixture is the variable 
factor. Mr. Derleth asks whether sedimentation of cement and crys- 
talline admixtures was noted in working with neat pastes. Consist- 
encies employed with neat pastes or with concrete mixtures are never 
wet enough to permit sedimentation. Free water will not separate 
for any consistencies which need to be employed in practice. 











Tests OF INTEGRAL AND SURFACE WATERPROOFINGS FOR 
(CONCRETE* 


BY C. H. JUMPERT 


im—INTRODUCTION 


To MEET requests from the public and the several departments of 
the Government for information as to the relative merits of a large 
number of newly named integral and surface waterproofings for con- 
crete, the Bureau of Standards felt the necessity of supplementing the 
work published in Technologic Paper No. 3, of the Bureau, in 1911. 
Some newly introduced products might be new compounds; others 
might have been improved since the previous investigation. 

It was first necessary to develop a concrete that when subjected to 
a water pressure of 20 lbs. per sq. in. would be permeable to a slight 
extent, and could be duplicated so as to give reasonably consistent 
results. Laboratory-made specimens of what would generally be 
called poor concrete invariably showed no or erratic permeability. 
Several hundred specimens were made using mixes of concretes vary- 
ing from 1:1:5 to 1:4:6. The water-cement ratio and the grading of 
sand and gravel were varied for each of the mixes. The tests showed 
that a mix of dry consistency was too permeable and a mix that was 
wet enough to be workable was practically impervious. Specimens 
from a concrete between ‘‘dry’’ and “workable,” that would allow a 
small amount of water to pass through, could not be obtained on 
mixes commonly used. In trying to design a 1:2:4 mix that would be 
slightly permeable, the gradings of sand and gravel were kept constant 
and the water-cement ratio was varied from .72 to .75 and .79. The 
specimens with a water-cement ratio of .72 were relatively permeable 
and the results inconsistent but the specimens with a water-cement 
ratio of .75 and .79 were impermeable. It seemed impracticable to 
make a 1:2:4 mix—just dry enough or just wet enough to give a 
concrete slightly permeable and, which might therefore be rendered 
less pervious through the addition of the waterproofing—at the same 
time a mix that could be duplicated. As a result of considerable exper- 





*Publication approved by the Director of the Bureau of Standards of the U. 8. Department of 
Commerce. Presented in preliminary form 27th Annual Convention, Milwaukee. February 24-26, 1931. 
tAssociate Chemist, Bureau of Standards, Washington D. C. 
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imentation, a 1:3:6 mix by volume was finally adopted as best meeting 
the laboratory requirements. 


II—METHOD OF FABRICATION OF INTEGRAL TEST SPECIMENS 
1—Permeability Specimens 

Portland cement, complying with the standards of the United States 
Government, Potomac river sand and a gravel graded between No. 4 
to 34 in., were used in all test specimens. The grading analysis of the 
Potomac river sand gave the following percentages retained on the 
sieves: No. 4, 3, No. 8, 18; No. 16, 32; No. 30, 60; No. 50, 97 and No. 
100, 99. 

Sufficient materials to make five test specimens were placed in a 
large galvanized iron pan and thoroughly dry mixed. Water was then 
added to give a water-cement ratio of 1.26 by volume. The mixing 
was continued for two minutes by hand. The concrete was then 
placed in five metal cylinders 5 in. in diameter and 5 in. high by pour- 
ing through a cone containing baffles. This served to break up the 
mix and give an even distribution over the area of the mold. The mix 
was placed in three layers, each layer was stirred just enough with an 
iron rod to assist in distributing the concrete evenly over the mold. 
No tamping was done. After the concrete was placed in the molds, 
an outside cylinder of galvanized iron, seven inches in diameter and 2 
in. high, was placed around each mold and the 1-in. space was filled 
with a fairly wet 1:2 mix of cement and sand. 

The inside 5-in. mold was then carefully withdrawn so as not to 
disturb the concrete mix. The outside mold was allowed to remain 
permanently around the concrete. The five specimens were then 
securely held to the top of a flow table to prevent sliding and given 
thirty \4¢-in. drops. This compacted the concrete and produced a 
bond between it and the outside layer of mortar. Surplus concrete 
was then struck off with a trowel and the specimens removed to a 
laboratory table and covered with steel plates. After 24 hours the 
plates were removed and the concrete surfaces wire-brushed to remove 
all neat cement that might have come to the top or settled to the 
bottom. 

A neat cement cap approximately 1-in. thick was spread over the 
l-in. mortar surface surrounding the 5-in. diameter specimen. The 
test pieces were then placed in the damp closet for 24 hours after which 
the neat cement caps were scraped to a smooth surface. The specimens 
were then allowed to remain in the damp closet until seven days old. 
All operations were conducted in a constant temperature room at 
70° F. + 3°. 
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The integral waterproofing materials were supplied as powder, 
paste or liquid. The powders were added directly to the dry mix and 
thoroughly incorporated in the mix before the water was added. The 
paste and liquid water-proofing compounds were added to the mixing 
water. In all cases the directions for mixing and the amount to be 
used per bag of cement as furnished by the manufacturer were carefully 
complied with. 

In addition to making the 50 batches, each containing one of the 50 
integral waterproofing compounds, six batches were made in the same 
manner without the addition of compounds and were used as a basis 
for comparison in determining the efficiency of the waterproofing 
compounds. 


2—_Strength and Absorption Specimens 


Portland cement as used in the permeability specimens, Potomac 
river sand and No. 4 to *¢-in. gravel were used. Sufficient materials 
to make 12, 3 by 6-in. cylinders, of a 1:3:6 mix by volume were placed 
in a large galvanized iron pan and thoroughly mixed by hand. Water 
was then added to give a concrete with a water-cement ratio of 1.26 by 
volume. After mixing for two minutes, the concrete was placed in 
the 3 x 6 in. cylinder molds in three layers, each layer rodded 25 times. 
Nine cylinders from each batch were capped with neat cement and 
three to be used for the absorption tests struck off flush with the top 
of the mold. 

The waterproofing agents were added to the concrete mixes in the 
amounts and manner suggested by each manufacturer. On several 
occasions concrete was made to which no waterproofing was added; 
the specimens so made served as ‘“‘blanks.”’ 


III-—-METHOD OF TEST (INTEGRAL) 
1—Permeability Tests ; 


After curing seven days in the damp closet, specimens to be tested 
for permeability were placed in the test piece holders. A holder con- 
sists of two cast iron pipe flanges. The upper flange is closed with a 
pipe plug through which passes a '4%-in. pipe supplied with a union 
for attaching to the water line. The plug is also supplied with a 4-in. 
peteock for venting the air at the time of starting the test. The lower 
flange is also closed with a pipe plug through which passes a %-in. 
pipe to which a rubber hose is connected to deliver the water passing 
through the specimen to a measuring cylinder. Rubber gaskets are 
used between the test piece and the flanges. Eight bolts draw the 
flanges together, thus making a tight seal so that no water can leak 
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out between the flanges. The test piece after being securely fastened 
in the holder was placed on a rack and connected to the water line. 

Water was supplied from the city main and was passed through a 
sand filter to remove all sediment. A control valve was placed in the 
line between the test specimens and the filter and a pressure of 20 
pounds was maintained in the system at all times. The set-up con- 
sisted of six racks, each accommodating 36 specimens. 

The first determinations of the flow were taken 24 hours after the 
test specimens were placed under pressure and then daily until the 
28th day. At the age of 28 days, three test specimens were selected 
from the five under test for each compound, which appeared to have 
uniform permeability and were representative of the compound. Ob- 
servations were then taken each week, covering a period of one year, 
on the three test specimens. 

At the end of the year period the test specimens were taken down 
and thoroughly wire-brushed to remove any rust or sediment that 
might have collected on the top of the specimen during the year 
exposure. They were again placed in the holders and the test continued 
for two months. Observations were made at regular intervals after 
the first 24 hours. 

After this two months test the specimens were again taken down, 
removed from the holder and allowed to dry in the air of the laboratory 
for one month. They were then placed under pressure and the permea- 
bility noted over a period of a month. 

The average values, taken at regular intervals, of the amount of 
water passing through the three specimens of any one mix are reported 
in cubic centimeters per one hundred square centimeters of surface, 
per hour. These results are presented in the accompanying figures. 


2—Absorption Tests 


The absorption cylinders were cured in the damp closet for 19 days. 
They were then placed in an oven at 65° C., through which dry air 
was circulated to promote drying, and dried to constant weight. 

At 28 days they were weighed, immersed in water for one hour, 
dried with a damp towel, weighed and immersed again. This pro- 
cedure was followed and the absorption determined at one hour, two 
hours, four hours, 24 hours, 48 hours and 72 hours. They were then 
placed in the damp closet for one year. At the end of this period they 
were again dried to constant weight at 65° C. and the above procedure 
repeated. 


The absorption was computed from the recorded weights and is 
reported in per cent of the dry weight. 
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3—Compression Tests 


Three of the 3 by 6-in. cylinders from each of the 50 mixes contain- 
ing waterproofing materials and three cylinders from several mixes 
containing no waterproofing or additive materials were tested in 
compression, after curing in the damp closet, at the age of seven days, 
28 days and one year. 

The compressive strength in pounds per square inch given in the 
table is the average of the three cylinders from each mix at each age. 


IV-—-INTEGRAL WATERPROOFING MATERIALS 
1—Commercial Names 


The materials used in this investigation were furnished by the 
manufacturers under the following trade names: 


A. B. Integral Hardner Ceresit Powder Medusa Waterproofed 
A. B. Waterproofing Colloy Cement 

Powder Con-wat-co Mix Medusa Waterproofing 
Acqua-Pruf Dragon Super Cement Powder 
Adensite Fluresit Non-Poro 
sere = 4 . Ha Penetrite Paste 
Alkagel J x. F. 12 Accelerator e i 2 ow 
Alkagel B2 Hydratite Liquid sca gae 
Alkagel B3 Hydratite No. 4 Paste Rubberoid Waterproofin 
Anti-Hydro Hydrocide Paste Paste 7 
Aquabar Aquatite Liquid Hydrocide Powder Se-Ment-Seal 
B.C. C. Oil Waterproofing Konset Sike Ne — 
Biber A Luigi Serra ot a No. 1 
Butyl Stearate Master Builders Concen- 5Sulco Liquid 
Cal trated Liquid Toxement Paste 
Celite Master Builders New Toxement Powder 
Ceresit Liquid Master Mix Toxmix Clear 
Ceresit Paste Master Builders Paste Tricosal Normal 


In addition to these compounds a high calcium lime, a dolomitic 
lime and potters flint were included in the investigation. 
2—Composition and Method of Incorporation 

The waterproofings have been grouped by chemical composition. 
Waterproofings in the first group contain calcium chloride and 
water; the second group contains calcium chloride with miscellaneous 
materials; the third soaps; the fourth hydrated lime with soaps; the 
fifth finely subdivided materials; and the sixth group miscellaneous 
materials. These waterproofing materials are briefly described in 
Table 1. 

V—DISCUSSION OF RESULTS 
1-—Plain Concrete 

The average results obtained in six different batches of concrete of 
three specimens each, are presented in Fig. 1. These batches were 
made of 1:3:6 concrete, free from waterproofing admixtures. The 
deviation of the results of each batch from the average of the entire 
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group, represented by the dash line, indicates the probable error in 
the results reported for mixes containing waterproofing materials. 
The average of this group of specimens is used as a basis for comparing 
the relative efficiencies of the compounds tested. 

The plain concrete specimens were not noticeably affected by wire 
brushing; increase in permeability after this treatment is negligible. 

The permeability of all the specimens was increased by drying. 
Initial permeability was high but decreased appreciably in one month. 





T 
Permeasitiry oF 1:3:6 ConcrRere 
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The results presented in Fig. 2 show the deviations in permeability 
from the average of the plain concrete after one year, after wire 
brushing and after one month’s drying of the specimens in the air of 
the laboratory. Fig. 2 also shows permeability results at like inter- 
vals and conditions on specimens containing waterproofings. 

The results obtained with the individual specimens of plain concrete 
and also with the concrete containing waterproofing compounds were 
reasonably consistent except after the specimens were dried for one 
month in the air of the laboratory. Some of these results were erratic. 
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TABLE I-—-COMPOSITION AND METHOD OF INCORPORATION OF INTEGRAL WATERPROOFING 





MATERIALS 
Material | 
o. | Composition Method of Incorporation 
Group No. 1—Calcium Chloride 
24 |Light yellow colored liquid with a small|Use one gallon in the gaging water for one 


| amount of flocculent precipitate. Contains| barrel of cement 

| about 73 per cent water; the remainder is | 

| ealcium chloride and less than one per —_ 

ofa saponifiable resinous material. 

25 |Turbid hquid. Contains about 60 per cent|Use one quart in the gaging water per bag of 


water; the remainder is calcium chloride | cement 

26 Clear solution. Contains about 73 per cent \Use one quart in the gaging water per r bag of 
water; the remainder is calcium chloride cement 

27 Clear solution. Contains about 65 per cent|Add one gallon to each twelve gallons of 
water; the remainder is calcium chloride | water and use as gaging water 


28 In ight yellow colored turbid solution. Con-|Use one gallon in the gaging water per barrel 

tains about 70 per cent water; the remainder) of cement 

is essentially calcium chloride 

30 Turbid solution. Contains about 60 per cent|Use one gallon to each ten gallons of water 

water; the remainder is calcium chloride} and use as gaging water 

and a small amount of calcium hydroxide | 

33 Dark purple colored liquid. Contains about Use one quart in the gaging water per bag of 

60 per cent water colored with a purple dye;| cement 

the remainder is calcium chloride 

35 Turbid solution. Contains about 73 per cent|Use one quart in the gaging water per bag of 

water; the remainder is calcium chloride | cement. 

7 Calcium oxychloride powder lUse 5 pounds to a bag of cement and mix with 
the cement before adding water 








Group No. 2— Calcium Chloride Plus Miscellaneous Materials 


21 Thick white semi-liquid. Contains about 75\|Mix one gallon of material to one gallon of 
per cent water; the remainder is calcium| water. Use two quarts of the mixture as 
chloride, silica and calcium stearate. About| gaging water per bag of cement 

13 per cent of fatty acids are present as| 

stearate | 

31 White paste. Contains about 73 per cent|Use 34 quart in gaging water per bag of 
water; the remainder is calcium chloride and! cement 

calcium stearate. About 4 per cent of fatty! 

acids are present as stearate 

34 Gray turbid liquid. Contains about 57 per|Use one quart in gaging water for 100 pounds 
cent water; the remainder is calcium chlor-| of cement 

ide, aluminum chloride and silica 

37 Thick white liquid. Contains about 65 per|Use one gallon to each 33 gallons of gaging 
cent water; the remainder is calcium alee water 

ide and ammonium stearate. About 11 per 

cent of fatty acids are present as stearate 

38 Black colored, odorless liquid. Contains about |Use one quart to one bag of cement; add to 
66 per cent water; the remainder is calcium| the mix after the water has been added 
chloride, aluminum chloride, silica and a) 


black dye 
39 Yellow colored paste. Contains about 84 per lUse one part of paste to ten parts of water as 
cent water; remainder is calcium chloride! gaging water 





and colloidal silica 





Group No. 8-——-Soaps 





13 Thick white paste. Contains about 89 per|Use one gallon to 34 gallons of water and use 
cent of water; the remainder is ammonium} as gaging water 

stearate. About 11 per cent of fatty ac ids) 

are present as stearate 

14 Thick white paste. Contains about 87 per| lu se one gallon to 32 gallons of water and use 
cent of water; the remainder is ammonium! as gaging water 

stearate. About 13 per cent of fatty ac ids | 

are present as stearate 

18 Thick white semi-liquid completely soluble in VU se six pounds in gaging water per barrel of 
water. Contains sodium stearate. About| cement 

9 per cent of fatty acids are present as) 

stearate 

22 Thick white paste. Contains water and am-|Use two pounds in gaging water per bag of 
monium stearate. About 23 per cent of| cement 

fatty acids are present as stearate 
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TABLE 1—CONTINUED 


Material | 


No. 


Group No, 8— 


36 


Group No. 4 


Group 


Group 


No 


Composition Method of Inc orporation 


‘Soaps —Continued 


| Thick white paste. Contains water and am-|Use two pounds in gaging water per bag of 
monium stearate. About 19 per cent of| cement 

fatty acids are present as stearate 
| Yellow turbid liquid. Contains water, am-|U se one quart in gaging water per bag of 
} monium oleate and a very small amount of | cement 

calcium chloride. About 5 per cent of fatty 
| acids are present as oleate 
|" lhiec k cream colored liquid. Contains about|Use one gallon to each 36 gallons of water as 
| §&5 per cent water; remainder is ammonium | gaging water 

oleate and a small amount of unsaponifiable | 


| oil 


Hydrated Lime Plus Soap 


hydrated | Use 
About 5 per cent 
of fatty acids are present as stearate 


Contains dolomitic 
lime and calcium stearate. 


White powder » 2 pounds to one bag of cement. 


Mix dry 
with cement 





White powder. 


Contains dolomitic hydrated |U 


lime and calcium stearate. 


About 10 per 


se 2 per cent by weight of cement and mix 
with the cement before adding water 


cent of fatty acids are present as stearate ; 
White powder. Contains an impure dolomitic|Use 2 pounds per bag of cement and mix dry 


with the cement 


Y per cent 
stearate 


White powder. 


of fatty acids are present as) 


Contains hydrated lime, alum /Us 


and calcium stearate 


About nine per ce nt | 


of fatty acids are 


present as stearate 


No. 6 


White powder. 
calcium stearate. About 2 per cent of fatty | 
acids are present as stearate 

|Pink powder. Contains hydrated lime, 
cium oleate and small amount of iron caida! 
About 12 per cent of fatty acids are present 
as oleate 


| 
| 
| 
| 
| hydrated lime and calcium stearate. About 


Subdivided Materius 


Finely 


Diatomaceous silica Us 


High calcium hydrated lime 


Hydrated dolomitic lime 


Finely ground silica and bentonite 


Finely ground potters flint 


Light gray powder; finely ground soapstone 


. 6—Miascellaneous Materials 


|\White powder. Contains barium sulphate, |l 
calc ium and magnesium silicate and about 

7 per cent of uncombined low melting fatty 
acids 

Gray powder. Contains finely ground silica lu 
and from 1 to 2 per cent of napthalene 





|Thick white paste. Contains about 85 per/Us 

| cent water; the remainder is colloidal silica| 

and a fluosilicate 

Thick yellow paste. 
cent of water, about 30 per cent of petroleum | 
jelly and about 30 per cent of lime 

Thick gray colored paste. Contains cellulose |l 
material and wax held in an ammonical | 

copper solution 

iT ‘hick gray colored paste. 
slightly different from No, 15 


| 
| 
| 
| 
| 


Composition is only lu 


Contains hydrated lime and U 


| 
cal-|Use 2 


‘se 


se 2 


Contains about 40 per|U 


Jse in the proportion of 1 part to 


e 2 pounds per bag of cement and mix dry 
with the cement 


se 2 pounds per bag of cement and mix dry 
with the cement 

per cent of weight of cement and mix 
dry with the cement 


Used as Fillers 


e 3 pounds per bag of cement and mix with 
cement before adding water 

se 10 per cent of the weight of cement and 
mix with cement before adding water 

se 10 per cent of the weight of cement and 


mix with cement before adding water 


se 5 per cent of the weight of cement and 
mix with cement before adding water 


10 per cent of the weight of cement and 


mix with cement before adding water 


se 


10 per cent of the weight of cement and 
mix with cement before adding water 


pounds to 100 pounds of cement and 
mix with the cement before adding water 


se 6 pounds to 135 pounds and 14 ounces of 
cement and mix with the cement before 
adk Hing water 

se pounds to 1 bag of cement and thor- 
yt. £ mix with the gaging water 

se 1 pound for each | 
to the gaging water 


vag of cement and add 


20 parts of 
gaging water 


se in the proportion of 1 part to 
gaging water 


20 parts of 
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TABLE 1—CONTINUED 


Material | 
as if Composition Method of Incorporation 


Group No. 6— Miscellaneous Materials—Continued 











17 Thick dark green paste. Similar to No. 15\Use in the proportion of 1 part to 28 parts "of 
and No. 16 but does not contain as much| gaging water 

wax and cellulose as the other two 

19 Thick white paste. Contains about 37 per|U se 2 pounds per bag of cement and add to 

cent water; the remainder is barium sul-| the gaging water 

phate, calcium silicate and about 6 per cent | 

of uncombined low melting fatty acid 

32 Thick brown colored liquid with an aromatic|Use 1 gallon to 1 barrel of cement and add to 

odor. Contains about 85 per cent water;| the gaging water 

the remainder is silica, hydrated lime and} 


alum | 
40 Thick black liquid. Contains coal tar cut|Use 1 pound to each 100 pounds of cement. 


with benzene Add to the mix after the water has been 
added 
41 Portland cement containing a water repellent |Use in the place of and in the same proportion 
material such as calcium stearate as the standard cement 
42 Portland cement containing a specially pre-|Use in the place of and in the same proportion 
pared form of calcium sulphate _as the standard cement 


43 Buty! stearate 


— 


se 1 pound to each 100 pounds of cement. 
| Add to the mix after the water has been 


ome 
44 Heavy oil. Contains mineral oil and about lUs » 2 quarts to 1 bag of cement. Add to the 
12 per cent of stearic acid nin after the water has been added 


45 Thick brown colored liquid. Contains sodium/|Use 1.2 kg. of solution to 100 kg. of cement 
silicate and an organic nitrogenous mate vial} and add to the mixing water 
resembling glue 





2—Calcium Chloride Group 


Permeability—(Figs. 2 and 3) Nos. 24, 25, 26, 27, 28, 30, 33 and 35 
are essentially calcium chloride in a water solution, containing from 
30 to 40 per cent of the solute. They were added to the concrete mix 
in the proportion of one quart of the solution to one bag of cement 
except Nos. 27 and 30. About three quarts of No. 27 and about four 
quarts of No. 30 were added per bag of cement. No. 7 is a calcium 
oxychloride powder. Five pounds of this sample were added per bag 
of cement to the dry mix. 


The mixes containing Nos. 27 and 30 were markedly less permeable 
than the standard for the earlier periods. In these two the calcium 
chloride was present in greater quantities than in the others, as indi- 
cated above. Number 7, the calcium oxychloride, also gave a less 
permeable mix. 


At the 28-day period Nos. 7 and 30 gave the same results as the 
standard while the other samples showed a greater permeability. At 
the end of one year Nos. 7 and 24 were impermeable. Nos. 25 and 
28 were more permeable than the standard. The other samples of this 
group were about the same as the standard. Wire brushing had no 
appreciable effect on the permeability of any of the specimens of this 
group. 
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One month’s drying in the laboratory caused an appreciable increase 
in the initial permeability of Nos. 25 and 26. The amount of water 
passing through these specimens decreased considerably but they 
remained more permeable than the standard at the end of one month. 
Number 28 showed a slight increase in permeability, after drying, 
both initially and at the end of the test. Nos. 24, 27, 30, 33 and 35 did 
not vary appreciably from the standard. Number 7 did not show an 
increase in permeability after drying and was the least permeable in 
this group. 


Compressive Strength (Table 2)—The addition of this group of samples 
to the concrete caused an increase in strength in all the specimens at 
seven days, compared to the untreated concrete. 


The 28-day strength was higher than the standard in specimens 
containing Nos. 24, 25, 26, 30 and 35, while 27, 28, and 33 did not show 
a noticeable deviation from the standard. Number 7 showed a slight 
decrease in strength. As compared to the standard the one year 
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TABLE 2—1:3:6 CONCRETE CONTAINING INTEGRAL WATERPROOFING MATERIALS 


























Compressive Absorption—3 by 6 in. Cylinders 
Strength—3 by 6 in. . 
Cylinders Cured 19 Days Cured 1 Year 

No. |7 Da. |28 Da.| 1 Yr. | 1 Hr. |2 Hrs.|4 Hrs.|24Hrs.|48Hrs.| 1 Hr. |2 Hrs./4 Hrs. |24 Hrs. |48 Hrs. 
Lbs. | Lbs. | Lbs. | Per Per Per Per Per Per Per Per Per Per 

per in.?|per in.?|per in.?} Cent | Cent | Cent | Cent | Cent | Cent | Cent | Cent | Cent | Cent 
Std. 840 | 1780 | 2900 2.7 3.7 4.8 5.3 5.4 9 2 1.5 3.1 3.9 
24 970 | 1910 | 3090 2.0 3.1 4.2 5.3 5.4 3.2 1.5 1.9 4.0 4.5 
25 | 1100 | 1855 | 3145 2.2 3.2 4.4 5.4 5.6 .8 | 1.4 2.9 3.8 
26 | 1085 | 2075 | 3220 1.9 3.0 3.9 5.2 5.3 8 1.0 1.2 2.4 3.3 
27 | 1070 | 1730 | 3190 3.2 3.9 5.0 5.3 5.5 8 1.0 1.2 2.3 2.8 
28 | 1040 | 1775 | 2845 2.4 3.4 4.5 5.3 5.3 8 | 1.4 2.8 3.7 
30 | 1085 | 1840 | 3125 2.1 3.6 4.1 5.3 5.4 9 3.3 1.3 2.3 2.8 
33 970 | 1750 | 2820 3.4 4.4 5.1 5.4 5.4 8 TR 1.4 2.9 3.9 
35 965 | 1940 | 2970 1.9 2.8 3.9 5.2 5.4 8 1.0 1.2 2.4 2.9 
7 925 | 1555 | 2635 2.2 3.1 4.1 5.4 5.5 .8 1.0 1.3 2.8 3.6 
21 850 | 1830 | 2540 1.5 2.1 2.7 4.6 4.8 .8 1.0 1.2 2.4 3.1 
31 765 | 1470 | 2240 2.1 3.2 4.3 5.3 5.4 .6 9 1.2 2.3 3.0 
37 1880 | 2770 Ay 2.3 3.1 4.8 5.1 9 1.2 1.5 3.0 3.6 
34 | 1125 | 1870 | 3165 2.4 3.4 4.5 5.3 5.3 re .8 1.2 2.5 3.2 
38 | 1045 | 1775 | 3005 2.3 3.2 4.3 5.5 5.6 9 2.2 1.5 2.9 3.7 
39 955 | 1780 | 2765 1.8 2.8 3.9 5.4 5.5 8 9 1.2 ee 3.8 
29 715 | 1365 2.8 3.5 4.4 5.0 5.2 .6 .8 9 2.0 2.8 
13 875 | 2015 | 3045 1.8 2.4 3.0 5.0 5.2 9 1.2 2.1 2.5 
14 775 | 1845 | 2380 1.8 2.4 3.1 4.9 5.1 1.0 1.3 1.7 3.3 3.8 
22 830 | 160! 2890 1.9 2.4 3.2 4.9 5.2 1.0 1.3 1.6 3.0 3.6 
23 710 | 1695 | 2745 1.9 2.6 3.5 5.3 5.5 9 1.2 1.5 3.2 3.8 
36 555 | 1420 | 2045 1.3 2.0 2.4 3.8 4.1 Pe 1.0 1.2 2.1 2.6 
18 695 | 1380 | 2040 1.9 3.2 3.5 4.8 5.0 .8 1.0 1.3 2.5 3.1 
1 810 | 1705 | 2775 2.3 3.0 3.8 §.2 5.3 .8 1.0 1.6 3.3 3.8 
2 790 | 1535 | 2320 1.7 2.3 3.0 4.5 4.7 .6 8 1.0 2.2 3.0 
3 930 | 1530 | 2410 1.7 2.2 2.8 3.9 4.7 .6 & Roi mem 2.7 
5 765 | 1365 | 2100 Ree 2.1 2.6 4.0 4.2 es 8 10; 2.0 2.4 
6 880 | 1505 | 2910 2.1 3.0 4.0 5.0 §.1 .8 1.0 a} 22 3.4 
8 530 875 | 1525 | Be 2.1 2.7 4.3 4.7 i 9 1.0 2.0 2.6 
20 735 | 1320 | 2105 1.6 2.1 3.7 4.3 4.6 9 ee 1.4 2.7 3.4 
9 905 | 1860 | 3330 2.5 3.5 4.3 5.3 5.4 9 1.2 1.6 3.2 4.1 
46 | 1170 | 1840 | 3300 2.5 3.4 4.2 5.1 5.4 1.5 2.0 2.4 3.6 4.0 
47 | 1080 | 1965 | 3535 2.4 3.3 4.1 5.0 5.0 1.3 Be 2.3 3.8 4.1 
48 970 | 1825 | 3020 2.7 3.7 4.8 5.4 5.4 1.5 2.0 2.5 | 4.2 4.6 
49 830 | 1800 | 2970 2.7 3.7 4.7 5.2 5.2 1.4 1.8 2.4 4.4 4.6 
50 790 | 1655 | 2940 2.8 3.7 4.8 5.3 5.3 Pe 1.8 2.3 4.0 4.5 
4 810 | 1565 | 2390 1.9 2.5 3.1 4.4 4.7 on 9 1.1 2.3 2.9 
19 610 | 1100 | 1790 1.7 2.5 3.4 5.0 5.1 1.0 1.3 1.7 3.5 4.2 
10 240 455 870 Ree 2.0 2.5 3.8 4.0 8 1.0 | 1.9 2.3 
15 845 | 1705 | 2990 1.0 1.9 2.5 3.6 4.0 1.0 1.3 1.6 2.7 3.1 
16 735 | 1700 | 2750 me 2.2 2.7 4.0 4.5 1.2 1.3 1.7 3.1 3.6 
17 780 | 1725 | 2750 1.5 2.0 2.5 3.9 4.3 .8 1.0 ef 2.1 2.4 
40 785 | 1470 | 2290 2.4 3.5 4.8 5.4 5.6 8 1.0 1.4 3.4 4.2 
44 645 | 1480 | 2535 1.4 1.9 2.2 3.8 4.5 .5 BR - 1.4 we 
45 515 970 1640 3.2 3.8 4.3 5.0 5.2 1.2 1.6 1.9 2.6 3.9 
ll 720 | 1775 | 2885 3.1 4.1 5.0 5.3 5.4 1.0 1.5 1.8 3.3 3.8 
12 775 | 1700 | 3050 2.9 3.7 4.9 5.2 5.3 a3 1.4 1.6 2.6 3.1 
32 820 | 1805 | 3160 3.5 4.6 5.3 5.5 5.5 9 i 1.3 2.7 3.4 
41 | 1080 | 1570 | 2195 1.4 1.8 2.4 4.1 4.4 .7 9 Baa 2.0 2.5 
42 | 1510 | 2130 | 2760 1.6 2.3 3.2 4.9 §.1 9 1.1 1.3 2.4 2.9 
43 915 | 1520 | 2640 m 9 1.1 2.2 2.8 5 5 .6 1.0 1.2 





strength was higher for the treated concrete, 
28 and 33 which remained about the same as 





























7 which caused an appreciable decrease in strength. 








with the exception of 
the standard and No. 


Absorption of specimens after curing (Table 2)—With the exception 
of samples 27 and 33, the absorption of 19-day cured concrete contain- 
ing this group of waterproofings was lower than that of untreated 
concrete, for one, two and four hours immersion in water. 


The 
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absorption for 24 and 48 hours immersion was about the same for 
both treated and untreated concrete. 


After curing for one year the specimens containing this group did 
not vary appreciably from the untreated concrete when subjected to 
one, two and four hours immersion in water. The concrete containing 
No. 24 was the only exception, showing a higher absorption than the 
standard for all periods of immersion. The absorption of the treated 
specimens for the 24 and 48 hour periods was less than for the untreated 
concrete, except for Nos. 24 and 33. 


38—Group Containing Calcium Chloride Plus Miscellaneous Materials 


Permeability (Figs. 2 and 4)—Waterproofings Nos. 21, 31, 34, 37, 
38 and 39 contain calcium chloride with the addition of other materials 
such as soap, silica and aluminum chloride. The quantity of each 
compound incorporated into the mix per bag of cement was: one 
quart of No. 21, 24 quart of No. 31, nearly one quart of No. 34, 1.1 
quarts of No. 37, one quart of No. 38, and about four quarts of No. 39. 
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The initial permeability of concrete containing Nos. 21, 37 and 39 
was greater than that of the untreated concrete. At 14 days the 
permeability of No. 39 decreased and became the same as that of the 
standard at 28 days, remaining in this relative position for the other 
periods, while Nos. 21 and 37 remained appreciably more permeable 
throughout the test. 

Nos. 31, 34 and 38 caused a negligible difference in permeability 
initially and at seven days as compared to the untreated concrete. 
From the seven day period to the end of the test Nos. 31 and 34 caused 
a decrease in permeability, while No. 38 showed an increase, but 
approached the standard at nine months. 

The permeability of this group was not altered appreciably by wire 
brushing. 

A month’s drying of these specimens in the air of the laboratory 
increased the permeability of the concrete containing No. 37 while 
Nos. 21 and 39 yielded nearly the same results as the standard. Con- 
crete containing No. 34 was the least affected by the drying treatment 
being less permeable than the standard. Nos. 31 and 38 also caused 
a decrease in permeability. 

Compressive Strength (Table 2)—With the exception of No. 31, the 
addition of the waterproofings only slightly affected the strength at 
any age. 

Absorption after curing (Table 2)—This group caused a decrease in 
absorption for the one, two and four hour periods, Nos. 21 and 37 
causing a marked decrease. Nos. 21 and 37 were less absorptive at 
24 and 48 hours. The other specimens did not vary appreciably from 
the standard. 

When cured for one year, Nos. 21, 31, 34 and 39 caused a decrease 
in absorption for all periods. The decrease for these specimens was 
more marked in the later periods. 


4—Group Containing Soap 

Permeability (Figs. 2 and 5)—Nos. 13, 14, 18, 22, 23, 28 and 36 are 
either pastes or liquids containing soaps of different compositions. 
The amount of each compound incorporated into the mix per bag of 
cement was approximately 2.2 lbs. of No. 13, 2.4 lbs. of No. 14, 1.5 
lbs. of No. 18, 2 lbs. of No. 22, 2 lbs. of No. 23, 2 lbs. of No. 29 and 2.1 
lbs of No. 36. 

In all cases the concrete mixes containing these materials were more 
permeable than the standard except a decrease in permeability for 
the last period was shown by those containing less soap. Nos. 22 and 
23 containing a high percentage of a stearate soap and No. 36 contain- 
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ing a relatively high percentage of an oleate soap did not show as 
great a decrease in permeability for the last period as was caused by 
the compounds containing smaller quantities of soaps. A marked 
decrease resulted with the use of Nos. 29 and 36 in permeability at 
three months and showing but a small further decrease in the later 
periods. No. 36 containing more soap than No. 29 caused a greater 
permeability. 


The permeability of the concrete containing these waterproofings 
was not appreciably affected by wire brushing. 


Drying in the air of the laboratory for one month caused a marked 
increase in permeability at the end of one month for concretes contain- 
ing Nos. 29, 23, 36 and 18. Nos. 13, 14 and 22 gave results about the 
same as standard. 
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Compressive strength (Table No. 2)—This group showed a compressive 
strength at seven days slightly lower than that of the standard, except 
Nos. 13 and 22 which were the same as standard. 

The 28-day strength was higher for No. 13; No. 14 was about the 
same as standard. The other samples caused a decrease in strength. 

The one year strength of concrete containing water proofings Nos. 
13, 22 and 23 was about the same as standard. The other samples, 
however, gave strengths lower than the untreated concrete. 

Absorption after curing (Table 2)—The absorption of concrete con- 
taining these soaps was less than that of the standard for the first 
three periods, except in one instance. In the last two periods, No. 
36 showed less absorption; the other samples were about the same as 
standard. 

After curing for one year, Nos. 13, 29 and 36 caused a reduction in 
absorption for all periods, the reduction being appreciable in the last 
two periods. The other samples showed only a slight deviation from 
the standard. 


5—Group Containing Hydrated Lime and Soap 


Permeability (Figs 2 and 6)—Waterproofings Nos. 1, 2, 3, 5, 6 and 
8 are powders containing hydrated lime and varying quantities of 
insoluble soaps. No. 20 is a paste consisting of lime, alum and an 
insoluble soap. The samples were incorporated into the mix in the 
following proportions per bag of cement; 2 lbs. of Nos. 1, 3, 5, and 6, 
1.9 lbs. of Nos. 2 and 8, and 1.5 quarts or approximately 3 lbs. of No. 20. 

This group yielded concrete that gave a high initial permeability. 
This decreased rapidly for the first few days although No. 8 remained 
high in permeability for the entire test. The group in general shows a 
greater permeability than standard throughout the test, approaching 
the standard, however, at the end of the year. Concrete containing 
sample No. 1 is the only one that shows a permeability less than the 
standard and after 21 days it is about the same as standard for the 
remainder of the test. 

The permeability of concrete containing these waterproofings was 
not affected by wire brushing. 

Drying in the air of the laboratory for one month caused an increase 
in the permeability of concrete containing No. 6 and No. 8. Nos. 1, 
3 and 20 gave less permeable concrete, and Nos. 2 and 5 concrete of 
about the same permeability as the standard. 

Compressive Strength (Table 2)—The compressive strength of the 
concretes containing this group was in general decidedly less than the 
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standard with the exception of Nos. 1 and 6. No. 8, which caused the 
greatest decrease in strength for all periods contained the greatest 
amount of soap. No. 6, which showed the greatest strength at one 
year, was the lowest in soap content. 


Absorption After Curing (Table 2)—This group caused an appreciable 
reduction in absorption for all periods. Nos. 1 and 6 were more 
absorbent than the other samples in this group; they, however, con- 
tained smaller quantities of soap. 
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The absorption after curing for one year was appreciably less than 
that of the standard in most cases. 


6—Group Containing Finely Subdivided Materials 


Permeability (Figs. 2 and 7)—Waterproofings Nos. 9, 46, 47, 48, 
49 and 50 are finely subdivided materials such as silica, soapstone, 
lime, etc. They were added to the mix in the following amounts per 
bag of cement: 3 lbs. of No. 9, 9.4 lbs. of Nos. 46, 47, 49 and 50, and 
4.7 lbs. of No. 48. No. 9 is the only one in this group which gave a 
concrete more permeable than the standard for all periods with the 
exception of No. 46 at one year, which showed an increase in per- 
meability. 

Nos. 46, 47, 48, 49 and 50 were appreciably lower in permeability 
than the standard for the first three months, and about the same as 
standard for the remainder of the test. The behavior of No. 46 for 
the last three months was abnormal. 
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Wire brushing caused an increase in the permeability of No. 49. 
The others were not appreciably affected. 


One month’s drying in the air of the laboratory caused an abnormal 
increase in the permeability of No. 9. No. 47 was more permeable 
than the standard 24 hours after drying, but was approximately the 
same as standard at the end of a month. Nos. 46, 48, 49 and 50 were 
less permeable than the standard. 


Compressive Strength (Table 2)—The incorporation of these water- 
proofings in the mix gave in general a concrete with a strength equal 
to or greater than the standard. 


Absorption After Curing (Table 2)—The absorption of concrete con- 
taining the materials in this group was practically the same as stand- 
ard. After curing one year the absorption was considerably greater 
than that of the standard, with the exception of No. 9. 


?—Group Containing Miscellaneous Materials 


Permeability (Figs. 2, 8 and 9)—-Waterproofings Nos. 4, 10, 15, 16, 
17, 19, 40, 44, 45, 11, 12, 32 and 43 are of various compositions. Nos. 
42 and 41 are special cements, the latter containing calcium stearate. 
The amounts incorporated in the mix per bag of cement were approxi- 
mately 1.9 lb. of Nos. 4 and 19, 4.2 lbs. of No. 10, 3.8 lbs. of Nos. 15 
and 16, 2.7 lbs. of No. 17, 0.94 lb. of Nos. 40 and 43, 4 lbs. of No. 44, 
1.2 lbs. of No. 45, 244 lbs. of No. 11, 1 lb. of No. 12 and 2 lbs. of No. 
32. Nos. 41 and 42 were used in place of the regular cement. 


Nos. 4, 10 and 19 yielded concrete that was highly permeable at the 
start of the test, and remained so to the end of the test. No. 44 showed 
a marked decrease in permeability. No. 40 showed a higher initial 
permeability than the standard. This decreased equaling the standard 
at 14 days and was even less permeable for the remainder of the test. 
Nos. 15, 16 and 17 were of the same approximate composition. The 
specimens containing these three and No. 41 were more permeable 
than the standard at all periods. Nos. 42 and 45 yielded concretes 
that were less permeable for the first three months, and about the 
same as standard from three months to the end of the year. The con- 
crete containing No. 11 was more permeable than the standard for the 
first three months and about the same as standard from that period 
until the end of the test. No. 12 yielded a concrete of about the same 
permeability as the standard; however, in the later periods the permea- 
bility increased slightly instead of normally decreasing in permeability. 
Concrete containing No. 43 was about the same as standard. Concrete 
containing No. 32 was less permeable than the standard. 
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The concretes containing the samples of this group were not affected 
by wire brushing with the exception of No. 10. 


One month drying in the air of the laboratory caused a decided 
softening of the concrete containing No. 10. The permeability of 
Nos. 4, 19, 45, 12, 32 and 42 were about the same as the standard. 
Nos. 15, 16, 17, 11 and 41 were more permeable than standard and 
Nos. 40, 43 and 44 were less permeable. 


Compressive Strength (Table 2)—-The compressive strength of con- 
crete containing the waterproofings in this group were generally lower 
than that of the standard. No. 10 showed a marked reduction in 
strength, yielding the lowest strength of all materials tested. No. 45 
also showed an appreciable reduction in strength. Nos. 11 and 15 
show strengths about the same as standard; Nos. 12 and 32 show a 
higher strength at one year. Nos. 41 and 42 which were special cements 
gave lower strength than the cement used throughout the investigation 
at one year, higher at seven days, No. 41 lower and No. 42 higher at 
28 days. 


Absorption After Curing (Table 2)—-With the exception of the con- 
cretes containing Nos. 40, 45 and 12 which showed about the same 
absorption as standard and Nos. 11 and 32 which were more absorbent 
than standard, the other waterproofings of this group caused a reduc- 
tion in absorption of varying amounts. No. 43 gave the lowest 
absorption of all the waterproofings included in this investigation. 
After curing for one year the concrete containing Nos. 4, 10, 17, 44, 
41 and 43 showed a lower absorption than standard. Nos. 44 and 43 
showed a marked reduction in absorption. Nos. 11 and 19 showed an 
increase in absorption. Nos. 12, 15, 16 and 45 caused a higher absorp- 
tion for the first three periods and lower absorption for the last two 
periods. Nos. 32 and 42 were about the same as standard for the first 
two periods but less absorbent for the last three periods. No. 40 
was slightly lower for the early periods and slightly higher at 24 and 
48 hours. 


VI--SUMMARY-—-INTEGRAL WATERPROOFINGS 


1. The addition of calcium chloride to the 1:3:6 mix of concrete 
used in this study did not materially reduce its permeability or absorp- 
tion. It did, however, seem to increase the compressive strength. 
An increase in the amount of calcium chloride added per bag of cement 
seemed to decrease the initial permeability. 

2. The incorporation of such materials as soap, silica and aluminum 
chloride, with calcium chloride in concrete did not reduce permeability. 
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3. The presence of soap in addition to calcium chloride caused a 
reduction in absorption. 

4. The usual increase in strength due to calcium chloride was not 
obtained when soap was present with the chloride. 

5. The addition of soap alone to the concrete caused an increase in 
permeability. The strength of the concrete containing oleate soap 
was appreciably reduced. In general, the presence of soaps in concrete 
caused a reduction in absorption; also a higher initial permeability 
than the other waterproofings used. 

6. Hydrated lime mixed with soap and then incorporated in the 
concrete gave a higher permeability than the standard. It was not as 
high as when soaps were added alone. The presence of an appreciable 
quantity of soap and lime in concrete lowered the strength and reduced 
the absorption. 

7. The finely subdivided compounds used as fillers in general reduced 
the permeability and in general increased the compressive strength. 
The absorption was about the same or greater than standard. 

8. The permeability of concrete was not reduced by the addition 
of such miscellaneous materials as cellulose and wax, or by the addition 
of materials containing uncombined fatty acids, fluosilicate, napthalene, 
vaseline, butyl stearate or coal tar. These compounds in general 
lowered the compressive strength but reduced the absorption. The 
presence of a mixture of heavy mineral oil and a saponifiable oil 
reduced the permeability, absorption and also the strength. 

In the above summary the statements are somewhat general and 
apply more particularly to the results as obtained for all the materials 
in any group. Close study shows that the individual waterproofings in 
a group may vary considerably in their properties. 


VII—METHOD OF FABRICATION AND TEST OF SURFACE WATERPROOFINGS 


For this part of the investigation a number of 3 by 6-in. concrete 
cylinders were made. A 1:2:4 mix by volume of portland cement 
(meeting the requirements of the United States Government), Potomac 
river sand and a gravel graded between No. 4 and *% in. was used 
with a water-cement ratio of 1.00 by volume. Weighed portions of 
cement, sand and gravel were thoroughly mixed in a galvanized iron 
pan, the water then added and the mixing continued for two minutes. 
The concrete was then placed in the molds in three layers, each layer 
being rodded 25 times with a blunt-end tamping rod. The surplus 
was struck off flush with the top of the mold. After 24 hours the forms 
were removed and the entire surfaces of the cylinders were wire- 
brushed. They were then placed in the damp closet for curing. At 
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the age of seven days the specimens were placed on shelves in the 
laboratory where the air could freely circulate around all surfaces. 
They were weighed after 14 days in the air and then weighed every 
day until they reached constant weight. Three cylinders were coated 
with each of the surface waterproofing materials and placed on the 
shelves in the laboratory and allowed to dry to constant weight. 
They were then totally immersed in water and weighed at 15 minutes, 
one hour, two hours, four hours, 24 hours, 48 hours, 72 hours, and each 
succeeding week for one year. The cylinders were then placed on the 
shelves of the laboratory for one month, again weighed and immersed 
in water. Weighings were made on the cylinders so treated at 15 
minutes, one hour, two hours, 24 hours, 48 hours, 72 hours, one week 
and each succeeding week until two months old and again at nine 
months. Several uncoated cylinders were dried to constant weight, 
immersed in water and weighed at the same intervals of time as the 
coated cylinders. 

The absorption was computed from the recorded weights and is 
reported in per cent of the dry weight. The results obtained on the 
three cylinders from each mix were averaged and are presented in 
Table 4. 

No specimens were prepared, as in the study of the integral water- 
proofings, which were tested under a head. It was assumed that if a 
material allowed water to penetrate into the treated specimen when 
immersed in water, it would also be permeable under any greater head. 
The procedure adopted gave a good value for rate of penetration of 
water through the applied waterproofing mediums. Further, since 
practically all of the materials sooner or later showed marked permea- 
bility, this simple test procedure seems to have been adequate. It 
does not indicate, however, that the few materials which appear to 
be satisfactory at the end of a year, might not have shown considerable 
permeability under some head. 

No membranes, composed of alternate layers of felt, burlap, ete., 
and bituminous products, were included in this study. This method of 
waterproofing although undoubtedly the most costly one, is so uni- 
versally acknowledged as being satisfactory that it was not deemed 
necessary to consider it. 


This study of coatings was confined to their use between the source 
of water and the concrete and not to the case where the concrete is 
between the source and the coatings. In other words, the coatings 
were considered on the same basis as the integral waterproofings, 
namely, original means of keeping concrete watertight applied approxi- 
mately at the time of making the concrete, and not remedial means 
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applied some time in the later life of the concrete when unanticipated 
leakage has occurred. This special case of waterproofing has not been 


considered at all. 


VIII—SURFACE WATERPROOFING MATERIALS 


1—Commercial Names 


The materials used in this investigation were furnished by the 


manufacturers under the following trade names 


Am. Builders’ Transpar- 
ent Waterproofing (A. 
B.-6) 

Am. Builders’ Plaster 
Bond (A. B.-5) 

Anti-Hydro 

Aquabar Clear Coat No. 2 

Aquabar Elastic Cement 
Coating No. 6 

Aquabar Mastic Cement 

Aquanox No. 202 

Butyl! Stearate 

Butyl Oleate 

Cresolac Transparent 
Waterproofer 

Dehydratine No. 2 

Dibutyl Phthalate 

General Fireproofing Iron- 
cote (G. F. 14) 

General Fireproofing 
Brush Coating (G. F. 
16) 

General Fireproofing 
Bonding Compound (G. 
F. 400) 


General Fireproofing 
Transparent Water- 
proofing (G. F. 100) 

Hetzel’s Fibrous Roof 
Koting 

Hydrocide Colorless 
Liquid A 

Hydroseal No. 640 

Ironite 

Isolite 

Konkerit Primer (Liquid) 

Konkerit (Liquid) 

Linseed Oil (Boiled) 

Master Builders’ Efflorex 

Master Builders’ Master- 
seal No. 1 

Master Builders’ Metallic 
Waterproofing 

Minwax Clear 

Minwax Clear (Heavy) 

Minwax Colorless (Heavy) 

Mortex No. 5 

Mortex No. 5A 

Mortex No. 5B 


2—Composition and Method of Application 


Mortex No. 10 Fibrated 

Mortex No. 10 Mastic 

Mortex No. 20 

Mulsomastic 

Penetrite Transparent 
Compound No. 1 

Penetrite Transparent 
Compound No. 2 

Protex No. 22 

Protex No. 88 

Protone 

R. O. P. Cement Coating 

R. O. P. Damp Resisting 
Paint ' 

Silicate of Soda (Concrete 
special) 

Transkote 

Tricosal Normal 

Tricosal S III 


Toxloxpore 

Wa-Co Surface Water- 
proofing 

Whigelt’s Xterior Water- 
proofing 


The surface waterproofings are grouped in accordance with their 
The first group represents those containing 
asphalt emulsions; the second group, bituminous solutions; the third, 
finely ground iron; the fourth, cement coatings; the fifth, transparent 
coatings; and the sixth, paint and varnish coatings. 

The composition and method of application are given briefly in 


chemical compositions. 


Table 3. 


IX—DISCUSSION OF RESULTS OF ABSORPTION TESTS UP TO ONE YEAR 
1—Asphalt Emulsions (Table 4) 


All the concrete specimens coated with asphalt emulsions show 
very little absorption for the first seven days, with the exception of 


No. 41. 


This waterproofing is higher in clay content than the other 


waterproofings of this group. No. 5, the most efficient of this group, 
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contains a high per cent of asbestos and was applied in. thick. No 
42 is similar to No. 41 in chemical composition but has been mixed 
with cement for the second coat and with sand and cement for the 
third coat. This probably accounts for the difference in efficiency 
between Nos. 41 and 42. No. 41 is less absorbent than No. 42 for the 
first few hours but breaks down quite rapidly after the first few 
periods. No. 6 contains a small amount of asbestos and was applied 
1~ in. thick. The other emulsions are applied in two coats and are 
not as efficient as the coatings containing asbestos. This group pro- 
duces an appreciable reduction in absorption compared to the plain 
concrete. 


TABLE 3—COMPOSITION AND METHOD OF APPLICATION OF SURFACE WATERPROOFING 
MATERIALS 


Material 
No Composition Method of Application 


Group No. 1—Asphalt Emulsions 


5 First coat a clay asphalt emulsion; second coat|First coat diluted with 25 per cent water; 
a clay asphalt emulsion containing asbestos} second coat applied with a trowel to:a 
thickness of 7s in. after first coat was dry 
6 Clay asphalt emulsion containing asbestos First coat was No. 8 diluted with 25 per cent 
of water; second coat was No. 6 applied 

| with a trowel 6 hours after No. 8 


7 ic lay asphalt emulsion Two coats brushed on 24 hours apart. 

8 Clay asphalt emulsion First coat thinned with 10 per cent water 
second coat applied full strength 24 hours 
later 

9 |Clay asphalt emulsion Applied same as No. 8 

10 Clay asphalt emulsion Applied same as No. 8 

13 Clay asphalt emulsion [First coat thinned with 20 per cent water; 

| second coat applied full strength 24 hours 
later 
41 Clay asphalt alcohol emulsion Two coats flowed on 24 hours apart 
42 Clay asphalt alcohol emulsion containing /The concrete was saturated with water and a 
small amount of calcium chloride thin coat of No. 42 mixed with water to a 
creamy consistency was applied. The 


second coat was neat cement thinned to a 
creamy consistency with a solution of half 
each of No. 42 and water; topping coat 
floated on consisting of one part portland 
cement and two parts of sand wet with a 
solution of half each of No. 42 and water. 
When sufficiently set, the surface was 
troweled and kept under damp cloth for 48 


hours 
Group No. 2—Bituminous Solutions 

16 |Asphalt cut in petroleum spirits 74 per cent|Two brush coats 4 days apart 
non-volatile 

18 Asphalt cut in petroleum spirits 57 per cent IT wo brush coats 24 hours apart 
non-volatile 

21 Asphalt cut in petroleum spirits 67 per cent/Two brush coats 24 hours apart 
non-volatile 

23 |Mixture of asbestos, asphalt and petroleum/One coat applied \% to 44 in. thick 
spirits containing 45 per cent asbestos, 50 
per cent asphalt and 5 per cent petroleum 
spirits 

29 |Asphalt cut in petroleum spirits 75 per cent/One coat brushed on 

| non-volatile. Small amount of asbestos 
31 Asphalt cut in petroleum spirits 60 per cent/One coat brushed on 


non-volatile 
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TABLE 3—CONTINUED 





Material 
No. 


Composition 





Group No. 8—Finely Ground Iron 


Method of Application 





17 


43 


Finely ground iron and sal ammoniac 


Finely ground iron and sal ammoniac 


Finely ground iron and sal ammoniac 








Group No. 4—Cement Coatings 





47 


48 


49 


Light yellow colored liquid contains about 73 
per cent of water; remainder calcium chlo- 
ride and less than one per cent of saponifiable 
resinous material 

Clear amber colored liquid acid in reaction. 
Contains about 70 per cent water; remainder 
calcium chloride, aluminum chloride and 
small amount of organic matter 

Thick brown liquid with an odor of glue. Con- 

tains sodium silicate and an organic nitro- 
genous material resembling glue 








Group No. 5—Transparent Coatings 





BS 8 & Faw » 


Brown colored liquid. Contains g yal water, 
ammonia, alcohol and unsaponifiable oil 

Buty] stearate 

[Butyl oleate 

Dibutyl phthalate 

Boiled linseed oil 


Dark brown oily liquid. Is a mixture of non- 
ing fatty oils and mineral oil 

‘Turbid oily hquid. Contains a non-drying oil, 
paraffin and mineral oil 
hina wood oil cut in mineral spirits 

[Lemon colored turbid oily liquid. Contains 
mineral oil, a semi-hard grease similar to 
+ ee and a small amount of a saponifiable 
oi 





Surface treated with solution of magnesium 
chloride 

No. 17 mixed with water to a white-wash con- 
sistency and applied to a well wetted sur- 
face. The surface was then gently wetted 
during the first day as often as the surface 

| became dry 

[The 4 Seeannibene coats were a little thicker 
and were applied the same as the first coat 

The surface was saturated with water for 24 
hours. Brush coat applied consisting of 
equal parts of No. ~ _~ portland cement 
of the consistenc heavy paint. This 
was immediately La by a plastic coat 
¥ in. thick consisting of No. 27 sand and 

| portland cement in equal parts by weight 

Surface thoroughly wet with water. Brush 
coat then applied of No. 43 thinned with 
water to a thick paste. Dry in air for 24 
hours; wet down with water 4 times during 
that period. Second coat applied in same 

manner as first coat 

Third coat, consisting of one part portland 

| cement, three-fourths part of sand and one- 

| 

| 








fifth part of No. 43 mixed with water to a 
consistency a little thinner than_ plaster, 
is brushed on the wet surface. Allowed to 
set in air for 24 hours, being wet down 
several times during that period 
|Fourth coat, consisting of one part of cement 
and three-fourths part of sand mixed with 
| water to aslush a little thinner than plaster, 
| applied to wet surface. Dry in open air 24 
| hours, being wet down several times during 
| that period 


Three coats of the following mix were applied: 
One gallon No. 47, 3 gallons of water and 
a half bag of portland cement 


One coat of the following mix was applied with 
a trowel: One part of cement to 1% parts 
of sand mixed with a 1:1 solution of No. 48 
and water 

One coat of the following mix was applied 
with a trowel: One part of cement and 14% 
parts of sand mixed with a solution of |No. 





| 





49 to 30 parts of water 


Two coats 48 hours apart 


Three coats brushed on 24 hours apart 

Three coats brushed on 24 hours apart 

Three coats brushed on 24 hours apart 

Two coats brushed on 24 hours apart; third 
coat 3 days later 


(One coat brushed on 


Two coats brushed on 24 hours apart 


Two coats brushed on 24 hours apart 
Two coats brushed on 48 hours apart 
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TABLE 3—CONTINUED 











Material a ae 
No. Composition Method of Application 
Group No. 5—Transparent Coating—continued 





15 Turbid oily solution. Contains saponifiable/Two coats brushed on 24 hours apart 
material cut in mineral oil 
24 Clear light colored oil. Contains mineral wax|{Three coats brushed on 24 hours apart 
dissolved in mineral gil and a small amount 
of nitrobenzene 

26 Light yellow colored oil. Contains paraffin/Two coats brushed on 24 hours apart 
wax cut in light mineral oil 
28 Thick viscous liquid. Benzol solution of a/Two coats brushed on 24 hours apart 
semi-hard material, partially saponifiable 
and mineral oil 

32 Clear oily solution. Contains mineral wax cut {Two coats brushed on 48 hours apart 
in petroleum spirits 
35 Clear solution with a white precipitate. Con-|Two coats brushed on 24 hours apart 
tains a saponifiable material cut in petroleum 
spirits 

38 Light yellow colored oil. Contains saponifi-/Two coats brushed on 24 hours apart 
able material and paraffin dissolved in low 
boiling mineral spirits 

39 Light yellow colored oil. Quite similar to No./Two coats brushed on 24 hours apart 
38. Contains less paraffin and larger quan- 
tity of saponifiable material than No. 38 

40 Light yellow colored liquid. Contains a small/Two coats brushed on 24 hours apart 
amount of saponifiable material and paraffin 
cut in mineral oil 

36 Clear lemon colored solution. Contains a/Two coats brushed on 24 hours apart 
saponifiable material cut in turpentine and 
mineral spirits 

19 White turbid water solution. Contains a/Three coats brushed on 24 hours apart 
saponifiable material and sodium stearate 
50 Solution of sodium silicate Three coats applied of a 1:4 solution of No. 50 
and water, 24 hours between coats 





Group No. 6—Paints and Varnishes 





| 

14 Thick gray gelatinous paste. Contains varnish |Material as received applied with a trowel 
and asbestos 
20 Dark colored oily liquid. Contains mineral|/Two coats brushed on 24 hours apart 
oil and a saponifiable oil similar to linseed oil 
22 White lead oil paint First coat thinned with turpentine, one pint 
to one gallon of paint; second coat used as 
received 48 hours after first coat 


30 Gray, zinc oxide oil paint Two coats brushed on 24 hours apart; first 

coat thinned with 20 per cent turpentine 
33 White, barium sulphate paint t (One coat No. 33 and 2 coats of No. 34 were 
34 White lead and zinc oil paint applied 24 hours apart 


44 This is a varnish. Contains 60 per cent volatile/Two coats brushed on 48 hours apart 
45 White, barium sulphate paint Two coats brushed on 24 hours apart 











2— Bituminous Solutions (Table 4) 


Nos. 16, 18, 21, 23, 29 and 31 are asphalts cut in petroleum spirits. 
No. 23 contains a large per cent of asbestos and No. 29 contains a 
small amount of absestos. The first three were applied in two coats 
and the last two were given one coat. No. 23 was applied % in. thick 
with a trowel. All of these show very little absorption for the first 
few days. Nos. 16 and 29 contain the highest per cent of asphalt of 
this group. No. 16 was low in absorption for the entire test. The 
difference in absorption between these two materials is probably due 
to the number of coats applied. Nos. 18 and 31 contain about the same 
amount of asphalt. Two coats of No. 18 resulted in lower absorption 
than one coat of No. 31. No. 21 contains a smaller amount of asphalt 
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CYLINDERS COATED WITH SURFACE WATERPROOFING MATERIALS 
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than No. 16 and a larger amount than No. 18 and has a corresponding 
efficiency. No. 23 was practically impervious to water throughout 
the test. 


38—Finely Ground Iron (Table 4) 


Nos. 17, 27 and 43 are finely ground iron mixed with sal ammoniac. 
They are less absorbent than the standard for the first few periods but 
break down rapidly after a few days immersion in water. The differ- 
ence in absorption is mainly due to the manner of application of the 
material. No. 17 was applied in five coats. No. 27 in two coats con- 
taining the material mixed with cement and sand. The coating was 
about ¢-in. thick. No. 43 was applied in four coats, the third coat 
containing sand and cement and the fourth a slush or finish coat of 
sand and cement. 
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4—Cement Coatings (Table 4) 


Coatings Nos. 47, 48 and 49 are incorporated with a cement mix 
and then applied to the surface of the concrete. No. 47 is essentially 
a solution of calcium chloride. It is mixed with cement to a creamy 
consistency and applied in three coats. It is less absorbent for the 
first few hours but breaks down rapidly. No. 48 is an acid solution of 
calcium chloride and aluminum chloride. No. 49 is a solution con- 
taining sodium silicate and glue. These last two materials are added 
to a mixture of portland cement and sand to form a thick mortar and 
applied to the specimens 44 in. thick with a trowel. They are less 
absorbent than the uncoated concrete, particularly so at the early 
periods. This may possibly be due to the thick coating of mortar, 
regardless of the waterproofing added to it. 


5—Transparent Coatings (Table 4) 


Sample No. 1 is a solution containing glycol. This is applied in 
two coats and is efficient for the first few periods but fails rapidly. 
Nos. 2, 3 and 4 are respectively butyl stearate, butyl oleate and dibutyl 
phthalate. They were applied in three coats. With the exception of 
the phthalate these materials are efficient. No. 11 is boiled linseed 
oil and shows relatively excellent results. No. 46 contains a non- 
drying saponifiable oil and mineral oil. It is less absorbent for the 
first periods but breaks down after 24 hours immersion in water. 
No. 25 contains a non-drying saponifiable oil, mineral oil and paraffin. 
It is less absorbent for the first few hours but breaks down after the 
first day. No. 37 is China wood oil cut in mineral spirits. This 
material showed the best results of all the transparent waterproofings 
tested. 


Waterproofings Nos. 12, 15, 24, 26, 28, 32, 35, 38, 39, 40, 36 and 19 
are in general solutions of paraffin, waxes, etc., in mineral spirits or 
somewhat similar solvents. No. 50 is a solution of sodium silicate. 
These thirteen waterproofings when applied to concrete are less 
absorbent than the uncoated concrete for the first few hours, but break 
down rapidly about the first day. 


6—Paints and Varnishes (Table 4) 


Samples Nos. 14, 20 and 44 contain varnish. No. 14 is a varnish 
mixed with asbestos to form a thick paste and was applied about 1 in. 
thick with a trowel. This coating was efficient but started to break 
down after six months. No. 20 is fairly efficient for the first four 
hours but breaks down at 24 hours. No. 44 is efficient throughout 
the test. The paint coatings Nos. 22, 30, 33 and 34, and 45 are all 
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efficient for the first two or three months but start to break down at 
the later periods. 


X-—DISCUSSION OF RESULTS OF ABSORPTION TESTS SUBSEQUENT TO ONE 
YEAR 


The absorption of the plain concrete was appreciably reduced in 
comparison with its original absorption at the corresponding time 
intervals of immersion. This was true of most of the coatings. They 
retained their relative position in per cent water absorbed at the differ- 
ent periods in comparison to the uncoated concrete with the following 
exceptions: The asphalt emulsion No. 41 was much less absorbent 
than originally. The bituminous solutions Nos. 29 and 31 showed 
about the same amounts of absorption as the standard. The finely 
ground iron coatings Nos. 17 and 43 were less absorbent than originally 
but were more absorbent than the standard. The three cement coat- 
ings, Nos. 47, 48 and 49, were appreciably less absorbent than the 
standard and much less absorbent compared to the corresponding 
periods of the original absorption results. The transparent coatings 
Nos. 46 and 25 were much less absorbent than they were originally. 
These two coatings contained a non-drying saponifiable oil. The 
paint coatings Nos. 30, 33 and 34, and 45 were more absorbent than 
the standard after the first few hours and also more absorbent than 
originally at the early periods. 


XI—SUMMARY (SURFACE) 


1. All of the surface coated concrete specimens included in this 
investigation were less absorbent than the uncoated concrete for the 
first few periods (four hours) of immersion in water. 

2. The most efficient coatings were some of the asphalt emulsions 
and bituminous solutions. 

3. Linseed oil, China wood oil and varnish were the most efficient 
transparent coatings. 

4. Paints were effective for the first few months but eventually 
broke down. 

5. Drying out of the specimens after having been immersed in 
water for a year in general materially reduced the absorption of both 
the coated and uncoated specimens. 

6. If the amount by which the absorption of the uncoated specimen 
has been reduced by drying, is deducted from the absorption of the 
coated specimen after immersion for nine months, it will be noted that 
the resulting figure is very generally lower than the absorption at 
nine months of the coated specimen after drying. Therefore, the 
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apparent reduction in the absorption of the coated specimen resulting 
from drying is due to the lower absorption of the concrete and not to 
any change in character of the coating. 


XII—RESUME AND CONCLUSIONS 


1. This investigation, like that carried out previously by this Bureau 
and reported in its Technologic Paper No. 3 shows the difficulty of 
demonstrating in the laboratory the value of waterproofings, both 
integral and for surfacing. It is not a difficult matter to make a con- 
crete that is impermeable to water under heads as great as 20 lbs. 
per sq. in. Such pressures exceed those encountered in by far the 
greater majority of concrete structures. Hence, since concrete can 
be so made without the use of waterproofings, they would seem to 
be needless. 

2. But in placing even very excellent concrete, it happens that it 
may become segregated partially into its constituents in certain 
places. When such places are too lean in mortar or cement paste, 
they will permit the passage of water and consequently waterproofings 
are a matter of consideration. Doubtlessly some of the integral agents 
do give an unctuousness and ease of placing which tends to prevent 
segregation. Also others are of a nature such as to render concrete 
water repellent when sprinkled or subject to the precipitation of rain. 
Further, some might react with the cement so as to reduce voids in 
segregated portions through an unusual swelling of the hydrated 
cement. Hence it does seem that these materials should be a subject 
of study. 

3. The lean concrete used was purposely adopted as simulating 
the lean segregated portion of concrete through which leakage gener- 
ally occurs. If the integral waterproofings could reduce its permeabil- 
ity, they should be considered as of some merit. Some have been 
found to be of this nature; others seem to be valueless. 


4. The lapse of time since the Bureau’s first study of such materials 
has not been prolific in producing new waterproofing agents. The 
names of the products are generally different but a study of their com- 
position shows that they are, with few exceptions, of the same nature 
as previously. The ammonical copper solution of cellulose seems to 
be the only distinctly different new material. 


5. The autogenous sealing up of the slightly leaking concrete 
seems to be quite an effective means of obtaining water tightness. 
This condition seems to result just as readily when no waterproofing 
agent is present as when one is. 
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6. The marked increase in permeability on drying the concrete 
specimens also characterizes field concrete. Although not carried out 
in this study, repeated wetting and drying generally reduces leakage 
gradually, however, only provided the leakage originally is not too 
great. In such a case, solution of the concrete results in increased 
permeability. 

7. Attention needs hardly to be called to the fact that integral 
compounds are valueless if the concrete cracks through settlement, 
shrinkage, ete. 

8. The simpler materials—such as the stearates—which can be 
bought in open competitive markets without paying for fanciful trade 
names are as effective as any. 

9. Calcium chloride, although it can be readily purchased as such, 
is still a marked favorite, at least with sellers, under striking names 
and further camouflaged through the use of dyes. 


-_~ 


10. The water emulsions of asphalt are relatively new and generally 
their efficiency is well demonstrated by this study. It would seem, 
however, that manufacturers of these products should give them further 
study particularly as to the mineral extenders which they are incor- 
porating in them. Although the data are meager, it appears that 
asbestos is a better mineral extender than clay. The cut asphalt 
applied as paints also gave good results. It should be remembered, 
however, that a year is a short period in the required life of a coating 
in actual service. 

11. The coatings composed largely of inorganic pastes such as 
iron oxide, cement, ete. gave poor results according to the test pro- 
cedure used. Such coatings still have enough finer pores to permit 
sufficient capillarity to give a high absorption. It is possible that 
under a higher head they would appear more promising. The paint 
coatings apparently act rather poorly also for the same reason. 

12. Some of the transparent coatings gave good results. Striking 
among these are such readily obtainable materials as linseed and China 
wood (tung) oil. 

13. In the case of leakage due to cracks following settlement or 
shrinkage, the use of coatings tending to seal over autogeneously 
should be considered in preference to the others not having this 
property. Such consideration would bring the bituminous coatings 
to the fore. 
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THE PHYSICAL PROPERTIES OF CAST STONE* 


BY JOHN TUCKER, JR., G. W. WALKER, AND J. ARTHUR SWENSON 


The paper is a report of the results of tests made as a basis for the preparation 
of a Federal specification for cast stone. Samples representative of all the usual 
methods of fabrication, including the use of a wide variety of aggregates were 
studied. The compressive strengths varied from 1,550 to 21,720 pounds per square 
inch, and the 48 hours absorption varied from 2.0 to 13.1 per cent. The resistance 
of the material to freezing and thawing varied from complete destruction of the 
least resistant specimen in the 25th cycle to the most resistant specimen that first 
showed signs of disintegration at the 1,450th cycle. Correlation between the 
resistance to freezing and the other physical properties was very poor. As a 
specification requirement the Schurecht ratio was the most valuable. Specimens 

_ that had an absorption greater than 6 per cent after five hours boiling were usually 
of poor quality if the Schurecht ratio was greater than 0.9 or less than 0.6. The 
Schurecht criterion is based upon a theoretical upper limit of 0.9, but the assign- 
ment of a lower limit is purely empirical. 

It is shown that the specification drawn for cast stone assures that any sample 
accepted will very probably be of good quality. 


l1— INTRODUCTION 


THE present study of cast stone was undertaken to obtain data 
from which a specification could be prepared for the Federal Specifica- 
tions Board. Moreover, published data on the physical properties 
of cast stone when the tests were begun in 1927 were meager, and the 
producers and users of this material had indicated that a knowledge 
of the properties would be of considerable interest to them. 

The essential requirements for a cast stone are original appearance, 
freedom from discoloration, and durability when exposed to weather- 
ing. Strength is relatively unimportant, and it may be assumed that 
if the material will resist disintegration by weathering action, it will 
have requisite strength. The appearance or texture is a matter of 
concern to the architect and may be covered by a statement to that 
purport in the specifications. The most serious discoloration is that 
due to efflorescence. It is believed this could be controlled far more 
effectively in cast stone, by the prevention of moisture penetration 
through the wall and the use of proper mortars than by an attempt to 
reduce the efflorescence by properties of the cast stone itself. 


*Publication approved by the Director of the Bureau of Standards of the U. 8S. Department of 
Commerce. 
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The weathering properties of a concrete may be, it is now currently 
believed, most accurately determined by freezing and thawing cycles 
repeated until disintegration occurs. Such tests, however, require a 
very long time. It is desirable, then, to determine if a correlation 
exists between such resistance to disintegration and the results of 
laboratory tests, readily made in a short time, such as compressive 
strengths and absorptions. The physical properties were determined 
principally with the object of obtaining such a correlation. 

A progress report of the test results was published by the American 
Concrete Institute in 1929.* 

2—sOURCE OF THE SAMPLES 

Manufacturer’s samples submitted to Federal departments were 
generously given the Bureau for the tests, and in addition a number of 
manufacturers supplied samples upon request. Several samples 
were selected directly from building sites by Bureau representatives. 
Most of the samples were obtained through the cooperation of C. G. 
Walker, Secretary, Cast Stone Institute. The Bureau appreciates the 
kindness of all those who cooperated. 

3—DESCRIPTION OF THE SAMPLES 

Table 1 describes all samples tested. These included samples made 
by the wet cast, dry tamped, puddled, and vibrated processes, and of 
the faced and homogeneous types. The properties of the facing and 
of the backing are indicated by F and B, respectively in Table 2. 
No notation was made for the samples composed wholly of one 
material. The surface textures and colors of the samples varied over 
a wide range. Calcite, chiefly as marble, was one of the most exten- 
sively used among a considerable variety of aggregates. 

No data concerning the fabrication of the cast stone was obtained 
directly by the Bureau. Data were submitted by some of the manu- 
facturers on the properties, material, method of casting, and curing 
conditions for a portion of the samples, and when included in the tables 
is followed by an asterisk. Other statements are estimates by the 
Bureau after both microscopic and macroscopic examinations of 
specimens. 

4—PREPARATION OF TEST SPECIMENS 

One or more pieces slightly more than 2 in. thick were cut with a circular carbor- 
undum saw from the samples. From these 2 x 2-in. cylinders were cored perpen- 
dicular to the face. The ends of three of the cylinders, for the compression tests, 
were ground until they were within )% in. of two inches high, and finished to flat 


plane surfaces perpendicular to the axis. Three cylinders to be used in the freezing 
and thawing tests were so finished that no projections remained on any of the surfaces. 


*A.C. 1. Proceedings, Vol. 25, p. 501. 
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Emery was used as the abrasive, water being applied in all cutting and abrading 
operations. Extra cylinders were cut from 12 selected samples for special absorption 
tests. 


Three or more bars, approximately 1 x 1 x 8-in. intended for the cross bending and 
the absorption tests, were cut from the samples with the circular saw. Those few 
specimens that exceeded the tolerance of )% in. in the one inch dimension were 
hand finished on the grinding lap until the cross sectional dimensions were within 
the tolerance. 


Two-by-two-in. prisms 4 in. long were also cut from a number of samples for 
modulus of elasticity determinations. 


5—TEstTs 

(a) Strength Tests 

The samples were air dry when received but in cutting and grinding the test 
specimens to size they absorbed considerable water. It was necessary to test all 
specimens in a uniform state, and the completely dry or the completely saturated 
condition were the only two conditions that could be attained feasibly. The dry 
condition was selected as preferable because of cleanliness in handling specimens and 
the probable saving in time. The cylinders and bars for the strength tests were 
therefore dried for 72 hrs. at a temperature of 105-110° C. They were then immediately 
stored over calcium chloride in a desiccator and kept there until tested. No speci- 
mens were tested until they had reached room temperature. 


Compressive tests were made on three 2-in. diameter cylinders cut from each 
sample. The 2 x 2 rather than the 2 x 4-in. cylinder was used because natural stone, 
the material most like cast stone in use, is usually tested in 2-in. cylinders, and because 
it was desired to include proportionately as much of the facing material as possible 
in the test specimen. The cylinders from faced cast stone were cut perpendicular to 
the face, and included all the facing and some of the backing. The cylinders were 
tested in a 50,000 Ib. capacity screw and lever type testing machine with a spherical 
bearing block beneath the specimen. None of the specimens was capped nor was 
any material placed between the specimen and the upper or the lower bearing. 

The 1 x 1x 8-in. cross bending specimens were tested by loading the midpoint 
of a 6-in. span, at the rate of 140 Ibs. per minute. The modulus of rupture was 
computed by the usual equation: 





ta sul 
2bd? 
where w = load in pounds, applied at midspan, 
l = clear span of beam, inches, 
b = width of beam, inches, 
d = depth of beam, inches, and 
f = the modulus of rupture in pounds per square inch. 


Three of the halves remaining after the modulus of rupture tests, were cut with 
the circular saw to 2-in. high within a tolerance of -in. and the ends finished to 
flat surfaces perpendicular to the axis of the prism. 

These specimens were dried for 72 hours in an oven maintained between 105-110° 
C., then stored in the desiccator, and tested in compression with the axis of the 
prism perpendicular to the platen. The prisms were tested, in addition to the cores, 
to determine the relative merits of the two forms of specimens for the purposes 


outlined 
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In addition, 2 x 2 in. prisms 4-in. long. cut from a number of samples were used 
for the determination of the stress-strain relation. The strains were measured by 
two Tuckermann strain gages of two inch span mounted on opposite faces. The 
gages were fastened to the prisms with elastic bands and rested on 4% x %4-in. rec- 
tangles of sheet aluminum fastened to the specimen with De Khotinsky cement. 


(b) Absorption and Porosity Tests 


Three of the halves of the one-inch bars remaining after the cross bending test 
were ground on a lap until they were approximately three inches long. These halves 
were dried at 105-110° C. until the loss in weight in 24 hours was not more than 0.1 
per cent, then stored in the desiccator and the absorption determined after they had 
attained room temperature, by total immersion in distilled water maintained at room 
temperature. At the end of 1% hour, 2, 4, 6, 24 and 48 hours, the pieces were removed 
from the water, wiped with a damp towel, and weighed. The weight of water ab- 
sorbed was assumed to be the difference between the wet weight and the dry weight. 

After the 48-hour absorption period the specimens were boiled in water for five 
hours. Cold water was then run into the vessel until room temperature was attained. 
The specimens were then wiped with a damp cloth and weighed. Afterwards they 
were weighed suspended in water. The total volume of water that had been ab- 
sorbed during the boiling was taken as a rough measure of the total pore space, or 
porosity, and was computed by the equation: 


Pp = 190 We— Wa 
W a= W w 
where P = apparent porosity, per cent, 
Wo = weight of specimen after boiling, 
Wa = weight of specimen when dry, 
Ww = weight of saturated specimen suspended in water. 


From most of the samples three 1 x 1 x 4 in. prisms were cut for further absorption 
tests. These were placed in water at 21° C. for 24 hours, then in an electrically 
heated oven maintained at 65° C. through which a current of air, dried by passage 
through sulfuric acid, was passed. The drying was continued until the loss in weight 
during a 24 hour period was less than 0.1 per cent. The specimens were then im- 
mersed in water at 21° C., heat applied and the water boiled for five hours. Cool 
water was then injected into the boiler until room temperature was attained. The 
prisms were then removed one by one, the excess water wiped off with a damp 
towel, and the specimens immediately weighed. Following this, they were again 
drying oven until the loss in weight was less than 0.1 per cent in 


° 


placed in the 65 
24 hours. 

Three 2 x 2-in. cores from each of 12 representative samples were placed in water 
at 21° C. for 24 hours and then placed in an electrically heated oven maintained at 
35° C. through which a current of dry air passed. The drying was continued until the 
loss in weight of the specimens during a 24 hour period was less than 0.1 per cent. 
The specimens were then immersed in 300° F. oil (that used in signal lamps on the 
railroads) maintained at 21° C. and the rate of absorption was obtained over a period 
of 48 hours. After this the specimens, while totally immersed in oil, were subjected 
to the reduced pressure of about 3 mm. of mercury absolute for 5 hours. The absorp- 
tion was computed in terms of equivalent water absorption; that is, the weight of 
oil absorbed was divided by the specific gravity of the oil, thus giving the weight of 
water that would occupy the same space in the specimens that the absorbed oil 


occupied. 
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Any difference in the weight of water lost through drying at 35° C. or 65° C. and 
that lost through drying at 105° C. may be termed water of hydration. The above 
absorption tests were made to reduce or eliminate the loss of water of hydration of 
the cement that might occur through drying above the boiling point of water; to 
reduce or eliminate the possible further hydration of the cement, and to reduce or 
eliminate the leaching out of some of the hydration products that might occur 
during boiling in water. 


(c) Freezing and Thawing Tests 


The 2x 2-in. cylindrical specimens prepared for the freezing and thawing tests 
were first immersed in water at approximately 20° C. for 48 hours. They were then 
started on cycles of alternate freezing in an atmosphere of —-12° to —-15° C. and 
thawing in a tank of water at room temperature. The minimum freezing period was 
six hours, but the specimens were always kept in the freezing chamber over night 
and week ends, thawing taking place during the day. The specimens were invariably 
standing in 44 inch of water when placed in the freezing chamber so that the loss by 
evaporation from the surface of the specimen into the dry air of the chamber might 
be replaced by eapillary rise from the water in the tray. 

The specimens were examined at frequent intervals, particularly up to the first 
hundred cycles. Four stages of disintegration were recorded: 

Ist: The number of the cycle at which the first sign of any disintegration was 
noted. 


2nd: The number of the cycle when the disintegration had progressed to the 
extent that an area equal to one square centimeter had spalled from the’specimen. 

3rd: The number of the cycle when the condition was such that the value of the 
stone for facing would be utterly destroyed. 


4th: The number of the cycle when at least ! 


8 of the specimen was destroyed, or 
when the strength had been so reduced that complete disintegration would have 
occurred within a few more cycles. 

Some specimens (which had not previously shown any signs of disintegration) 
developed such severe failure during a single cycle, as to warrant classing them in 
the second or third stage. In such instances the arrival of the first and second (or 
third) stages is represented by the same number of cycles. 

The measurement of the disintegration by such a method was governed solely by 
the judgment of the observer, and is open to the objection that two observers might 
disagree as to the exact number of cycles at which any one specimen would be 
advanced from one stage to the next. Another method of measuring the disinte- 
gration would be to weigh the specimens and advance them from stage to stage 
according to loss in weight. This latter method, however, has the very serious 
disadvantage of giving no consideration to the appearance of the stone nor to the 
kind of disintegration. For example, a surface layer lg in. thick might come from a 
sample of cast stone, leaving the fresh surface practically as satisfactory in appear- 
ance as the original surface, whereas the surface of another stone might pit and 
present a very poor appearance with the loss of much less material. As another 
illustration, one sample cracked into two pieces. By the weight criterion this would 
have indicated a large loss in the value of the sample, yet in a building, if the crack 
had occurred in a direction almost perpendicular to the face, the appearance and 
utility of the piece would not have been affected appreciably. 

The number of cycles at which the first signs of disintegration occurred were 
capable of closer measurement and therefore were more accurately determined than 
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for the succeeding stages. Since these first signs of disintegration were most accu- 
rately determined it may appear wasteful of time and energy to have continued the 
tests beyond this point. The amount of disintegration that was first observed, how- 
ever, was usually so small that the value of the stone was practically unchanged. 
It was therefore necessary to continued the tests until appreciable disintegration 
occurred, to obtain data of value in showing the relative resistance of the various 
samples up to the point where the value of the material as facing for building had 
been largely destroyed. An arbitrary combination of the number of cycles for each 
of the first three stages was used as a means of comparing the resistance of the samples 
to disintegration. For convenience this was called the mean resistance and was 
computed as follows: 

Mean resistance = A + .95 (B—A) + .50 (C—B) 

Where A is the number of cycles when the Ist stage was reached. 

B is the number of cycles when the 2nd stage was reached. 
C is the number of cycles when the 3rd stage was reached. 
6-—TEST DATA 

Table 2 and Figs. 1 to 9 summarize all the test data obtained. Al- 
though nearly all tests were made in triplicate, only the average values 
for the test results have been given in the table and plotted in the 
figures. Since not more than three tests were made for the determina- 
tion of each property, reliable information could not be gained as to 
the relative accuracy with which test results could be repeated for the 
different samples. However, in Table 2, an estimated modulus of 
precision has been given for each type of test determination so that 
the significance of differences in test results of different samples may 
be roughly judged. 

Toshow the distribution of the values of the more important test 
measurements the histograms of Figs. 1 to 4 have been prepared. 
The averages of the tests of all specimens from each sample, and 
not the individual test results, were used in preparing these figures. 

The prism strengths varied from 1,300 to 15,780 lbs. per sq. in. 
The higher values are considerably more than the strengths ordinarily 
obtained in concrete, strengths of the latter greater than 6,000 lbs. 
per sq. in. being rare. Concrete specimens, however, are ordinarily 
tested in a moist condition, whereas the strength tests in the present 
case were made upon well dried specimens. The samples with 
strengths above 12,000 Ibs. per sq. in. were, according to the 
manufacturer, molded by the vibration process and were then 
steam cured. The strength of one sample, 15,780 lbs. per sq. in 


is extremely high for concrete of as lean a mix as the appearance of 
the sample indicates. The cylinder strengths as was to be expected 
from the difference in ratio of height to area of cross section, were 
greater than the prism strengths. They varied from 1,550 to 21,720 
lbs. per sq. in., the distribution being given in the histogram of Fig. 1. 
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TABLE 1 DESCRIPTION OF SAMPLES 


|Katimated Per 


Method | | | centage of Kach| Maximum | Coloring 
Identification of | Propor- | Nature of Aggregate | Constituent of Size of Materia! 
Makingt) tionst | Fine Coarse | the Coarse | Aggregate | Present? 
| (g) | Aggregate 
\ ’ Calcite 67 *” No 
Black slag 33 
ih} I Calcite 100 4” Yes 
( P Calcite 100 od No 
) P Calcite SO 7 td No 
Black slag 20 
l l Calcite 100 Lg "(c) Yes 
I l Mixed sand | More igneous 
than calcite fe” No 
( l Mixed sand | More calcite *” No 
i | Silica sand ” No 
I ] Silica sand 00 wy” No 
Black slag 10 
iN I Calcite 100 4” No 
| l Calcite | 90 \’ Yes 
Silien 10 
M (Facing 4" I Silica wy" No 
MI (Backing l Silica Calcite 100 pr No 
N l Silica 100 dy” No 
‘) I Igneous gravel | 100 by” No 
P l Silica } wy" Yes 
K l (Mixed grave] 
Igneous “7 Me 4 No 
Calcite 33 
l Igneous | 7 ts” 
Black slag 33 
I I’ Igneous gravel 100 Mg *(¢ Yes 
{ P Mixed gravel 100 fe (d Yes 
W p* 1:3" Calcite* Caleite* “oF 4’ Yos* 
Black slag* w* 
X }* 7:13* Silica*® Calcite* | SO* Ftd | Yea* 
Black slag* 20)* 
\ p* 9:22" Silicea* Calcite* SO yy’ | Yes* 
Black slag* 20 | le” 
Z * t:11" Silica*® Calcite* 100 oe Yoa* 
AA }’* Pho Silica* Calcite* 100 yy” Yos* 
\b 3:8* Silica® Calcite* v0 by “(d) Yes* 
Silien* 10 
\¢ I Silica Calcite L100 fe” Yes 
Al) P Calcite 100 | *" | No 
\l I Silica 100 Mg *(d) No 
Al l Calcite 00 A” | No 
Quarts 10 | 
AGiT(Facing 4%") l Silica 5" | No 
\G]( Backing I Silica Mixed gravel ly’ No 
AH I Silica hy" No 
\l I Silica Calcite 100 tx” No 
Al : Caleite 00 *” No 
Black slag 10 | 
Al l Very dark 
calcite or 
dolomite 100 1" No 
AM Lided! Igneous | 100 %"(e) | No 
\M I’ Calcite 00 *” | No 
Black slag | 10 yy” 
\l’ re n)l:2ty* Calcite* 100* x” | No 
AK ,° (a) l:2by* Silica* ”O | te” | No 
Caleite* 50 
\> l Silien vA’ No 
\l I Silien wy" No 
Al re? b)iss* Calcite 100 ve” | No 
AW p* (b) 1:3 Calcite 00 14° 
Black slag 10 “’ No 
AN l Silica ty’ No 
A\ | Caleite 80 wn” No 
Quarts 20 
AZ I Calcite 100 a You 
BA re 1:3* Silica* 100 hd | No 
Bi * 1:4* Caleite* 100 tr’ You 
14 Mag 1:3° Igneous oO a” No 
Black slag 10 vi” 
Bb I+ 1:3* Igneous 100 ts’ | No 
Bk (Pacing) I Calcite 100 ve"(c) 
Bb ( Backing) ! Calcite 100 \" No 
Ih | Put 1% Calcite Calcite 100 ” | Yeo 
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TABLE 1—DESCRIPTION OF SAMPLES——CONTINUED 














Estimated Per- 
Method centage of Each} Maximum | Coloring 
Identification 0 Propor- | Nature of Aggregate | Constituent of Size of Material 
Makingt tionst Fine Coarse the Coarse Aggregate | Present? 
| Aggregate 
BG Pu* {| 1:2" Calcite | 75 | wy? No 
| Black slag 2h | 
BH P Calcite | 100 | *%" No 
BI -_ Silica | 100 fs” Yes 
BK P f Calcite | 67 fs” | No 
| Black slag | 33 
BL , 6S Silica Igneous 50 4"(e) | No 
\ Slag | 50 
BM P Calcite } 100 yy" | No 
BN _ Silica | 100 My"(d) | Yes 
BO T | Silica | ty” | No 
BP Pp J Calcite | RS iy" | Yes 
\] | Black slag | 15 } 
BR es Calcite 90 Ys” | No 
| Silica | 10 
BS P | | Calcite } 05 rd No 
Mica 5 
BT T* {| 1:3%* Igneous 90 4 "(f) No 
| \| } Calcite } 10 
BU p* 1:34* i Silica Calcite 100 LY td Yes 
BW p* {| 1:3144* Slag 10 
} Igneous) =| e 
} calcite S| 90 M No 
BX } v* fi Light calcite 67 ad No 
Dark calcite 33 *” No 
BY v- Calcite or 
dolomite 100 | 14” No 


tExplanation of symbols; Pu: Puddled 
P: wet poured 
T: dry tamped 
V: vibrated 
Cement to aggregate, by volume 
Information furnished by manufacturer. 
(a) 3 gal. of water used per bag of cement, 
(b) 9 gal. of water used per bag of cement. 
(c) Nearly all is leas than 7x”. 
(d) Very little coarse aggregate. 
(e) Very little larger than 4’. 
(f) Nearly all is leas than %’. 
(g) Where no information is given on the fine aggregate the materal was missing or too fine 
for identification. 


The modulus of rupture range from 220 to 1,640 lbs. per sq. in., 
less proportionally than for the compression test results, was to be 
expected from the results of flexual tests that have been made on 
concrete beams. 


It is to be noted that the samples of concrete with the two highest 
compressive strengths were respectively 5th and 13th in order of 
modulus of rupture strength. This difference in order is probably 
due to the vibration method of fabrication of these specimens which 
causes “close packing”’ of the aggregate, markedly increasing the com- 
pressive strength but not increasing the cross bending strength by 
nearly so large a percentage. The distribution of the prism and cylin- 
der compressive strengths (see Fig. 1 and Table 2) and the cross 
bending strengths of the dry-tamped specimens is very nearly the same 
as that of the wet-poured specimens. 
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The absorptions following drying at 110° C. exhibit the same wide 
variation as the strengths. The 2.0 per cent water absorption of 
specimen BG at 48 hours, and the 2.5 per cent absorption of specimen 
BY after 48 hours in cold water and 5 hours in boiling water, are 
unusually low values for concrete made with ordinary aggregate. The 
cold water absorptions of the tamped specimens is in general slightly 
lower than the absorptions of the poured specimens (see Fig. 2). In 
the boiling absorptions, however, the tamped specimens average 
higher than the poured, thus reversing the order. (See Fig. 3). The 
strengths and absorptions are roughly related to each other, for in 
general the higher the strength the lower is the absorption. 


l‘orty-five samples only were dried at 65° C. and boiled for 5 hours. 
Absorption values ranging from 3.0 to 17.2 per cent were obtained, 
and in every instance the absorption was less than that obtained by 
48 hour water immersion and subsequent 5 hour boiling after drying 
at 105-110° C. The equivalent water absorptions in 300° oil following 
a drying at 35° C. were all lower than the water absorptions up to 
six hours. At 24 and 48 hours the oil absorption of one specimen (BF) 
was more than the water absorption at similar intervals, although the 
boiling absorption was greater than the oil absorption under vacuum. 
These special tests indicate that the absorption values obtained repre- 
sent to a certain extent other factors than simple filling of voids with 
water, and that part of the water lost and regained is probably water 
of hydration. They give results which were in no way in better accord 
with the resistance to freezing and thawing than the more commonly 
used methods. 


The range in resistance to freezing and thawing is proportionately 
larger and even more remarkable than the range in the strengths and 
the absorptions. (See Fig. 4). Sample BM showed the least resist- 
ance, the first sign of disintegration being noted at the 22nd cycle and 
complete disintegration occurring at the 25th cycle. This sample 
had the lowest compressive and cross bending strengths and the 
highest absorption up to 48 hours, and would, a priori, be expected to 
have a low resistance. Sample FE was the most resistant, showing the 
first signs of disintegration at the 1,450th cycle, but did not have out- 
standing physical characteristics that would indicate such a high 
resistance. It is to be noted that the wet-poured and dry-tamped 
specimens are equally distributed in their resistance to disintegration, 
and that the specimens made by puddling and by the vibration method 
are above the average resistance. 
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The properties of the two puddled concrete specimens, particularly 
the high strength and the low absorption, would indicate that they 
were made from a rich mix (as verified by the maker’s statement of the 
proportions) with a moderate water content, and of a plastic consis- 
tency, very different from the consistencies used in the dry tamp and 
wet pour processes. It is probable that the consistency was close to that 
at the point of minimum permeability as determined by Glanville.' 

None of the specimens used in the absorption or freezing and thaw- 
ing tests showed any signs of staining or efflorescence. 

Stress-strain measurements were made on 15 oven dried 2 x 2-in. 
prisms 4 in. high cut from 11 of the samples. Ten representative 
results of these tests are shown in Figs. 5 and 6. The strain measure- 
ments were made with a Tuckermann gage on a 2-in. length and were 
carried close to the compressive strength of the material. The initial 
modulus of elasticity values ranged from 1.3 to 3.2 million lbs. per 
sq. in., values that are not divergent from those ordinarily to be 
expected from concrete. 

Repeated loadings were made on most of the specimens, and on 
specimen D, time-flow measurements were made for one hour. The 
load on this specimen was maintained at 3,000 lbs. per sq. in., or 61 
per cent of 4,900 lbs. per sq. in., the ultimate strength of the specimen. 
In an hour the measured flow was .00005 in. per in. The repeated 
loading curves showed the usual hysteresis loops. 

Although the strain readings that were made are of no direct im- 
portance in indicating the quality of the material to withstand weather- 
ing, they are of sufficient interest in themselves to warrant presentation 
here. The measurements are also interesting in showing the delicacy 
of the Tuckermann gage. To obtain the full advantage of the precision 
of this gage the readings should be made in a constant temperature 
room. 

7—THE CORRELATION OF RESISTANCE TO WEATHERING WITH OTHER 
PHYSICAL PROPERTIES 

The important physical property of cast stone is its resistance to 
destruction by weathering. The other physical properties are of minor 
importance except for the possibility of their use in indicating this 
resistance. The effects of the freezing and thawing tests should not, 
a priori, be expected to be identical with the effects of outdoor exposure 
causing the disintegration that is known as weathering. Materials 
placed out of doors are subjected to natural weathering processes 
other than the freezing and thawing of entrained water. Alternate 


'W. H. Glanville Building Research Technical Paper No. 3 of the Department of Scientific and 
Industrial Research, Great Britain. 
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soaking and drying probably also produces disintegration. Large 
and fairly rapid changes in temperature such as occur between days 
of strong sunshine and cool nights are ascribed by geologists as the 
cause of the exfoliation (peeling off of the surface) of granite boulders. 
Crystallization of salts in the pores of materials may be an additional 
cause of disintegration. However, in lieu of any more satisfactory 
test and because actual weathering tests would require a minimum 
of several decades for the accumulation of satisfactory data, the freez- 
ing and thawing tests were accepted as a standard in the present 
analysis. 

The half hour and the 48 hour absorptions as well as the porosities 
show practically no correlation with resistance to destruction. The 
boiling absorption, Fig. 7 (that is, the absorption after 48 hours im- 
mersion in cold water followed by 5 hours boiling), shows a slight trend 
of increaging resistance with decrease in absorption. ‘There is also a 
slight correlation between cylinder strength and resistance as shown in 
Fig. 8; the correlation between prism strength and resistance is not 
superior to that shown in Figure 8. However, the correlation of any 
of the strengths, or of the boiling absorption, with the resistance to 
freezing is so low that these criteria are of no direct practical value for 
the selection of a resistant material. For example, although a 2 x 2-in. 
cylinder compressive strength requirement of 9000 lbs. per sq. in. 
would eliminate all specimens with an average resistance to freezing 
and thawing of 150 cycles or less, it would at the same time eliminate 
all of the more resistant specimens but six. 

The measurements necessary for computing Kreiiger’s? suggested 
ratio for judging the resistance to weathering were not made in the 
accumulation of test data. Sufficient data were obtained, however, 
for the computation of Schurecht’s proposed ratio (S) offered by him® 
as simpler and equally effective. 

Schurecht proposed the ratio: 

Ac 
Ab 
where A, is the per cent absorption at 48 hours total immersion 
in water at 18 to 21° ©, 
A, is the per cent absorption after 5 hours boiling subse- 


S 


quent to the 48 hour absorption A,. 
The absorption percentage is based on the original dry 
weight of the specimen. 


*H, Krefiger--Trans, of the Hoyval Swedish Inet. for Scientific and Industrial esearch, Stockholm, 
No, 24,1024, Krefiger suggested the ratio of the 4-day water absorption, to the porosity, both expressed 
in volume per cent, He found that the eritical value of 0.55 wae an upper limit for ceramic bodies that 
would satiafactorily resist weathering 


‘L,, A, Palmer and J, V. Hall, Proe, A. 8. 'T. M., Vol, 30, Part I, (1990) 
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Schurecht found that resistant ceramic materials all had values for 
this ratio less than 0.8, and therefore suggested this value as a criterion 
for the selection of ceramic bodies that would probably be resistant. 

Fig. 9 shows the values of Schurecht’s ratio plotted against the 
average resistance in cycles to destruction by freezing and thawing. 
The Schurecht ratios for the wet-poured specimens are practically all 
higher than those for the dry-tamped specimens. All but four of the 
poured specimens have Schurecht ratios above .75, and all but four 
of the tamped specimens had values below .8. More than half of 
the wet poured specimens have values for S that would indicate poor 
resistance while only three of the dry-tamped specimens have values 
of S which indicate inferior quality. Nevertheless, as may be seen 
from Fig. 4, the poured and tamped specimens were of approximately 
equal average resistance to freezing and thawing cycles. From even 
a cursory examination of Fig. 9 it may be seen that the S values give 
no insight into the relative resistance of the materials to freezing, 
even when the poured group or the tamped group are separately 
considered. 


The reader is referred to a paper entitled “The Selection of Durable 
Aggregate for Concrete,’’* for comments on Kreiiger’s and Schurecht’s 
criteria as applied to stone and to slag of a size suitable for use as 
large aggregate in concrete. In that paper it was shown that these 
criteria are of no value in indicating the resistance of an aggregate 
to freezing and thawing tests. The porosity of the aggregates was, 
however, much lower than that of the greater part of the cast stone 
specimens included in the present tests. 


In order to study the change in water content during progressive 
cycles of freezing and thawing, further tests were made. Portions of 
the 1xl-in. prisms of samples AF, BF, AC, AU and BG that remained 
after the other test specimens had been prepared, were ground down 
to smooth surfaces until they weighed approximately 150 grams. They 
were dried at 105°-110° C. to constant weight and the 48 hour 21° C. 
water absorption determined. The specimens were then subjected to 
freezing and thawing cycles. Weighings of the specimens were made 
up to the 35th cycle. It was found that the weight of all specimens 
increased as the cycles were continued. Table 3 gives a synopsis of 
the results obtained. It is to be noted that even Specimen AU, with 
an original Schurecht ratio of unity absorbed still more water when 
frozen and thawed. Specimen AC reached the boiling absorption 
at the 21st cycle, BF at the 8th and BG at the 26th cycle. 


*Rock Products: Aug. 1, 1931. 
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Fic. 9 ScHURECHT RATIO COMPARED TO AVERAGE FREEZING RESIST- 
ANCE 
TABLE 3 


INCREASE IN ABSORBED WATER DUE TO FREEZING CYCLES 


Cycle of freezing and thawing 
at which the weight of absorbed 


Schurecht 


Specimen Ratio 
AC .53 
AF 57 
AU 1.00 
BF 48 
BG .49 


water was equal to that follow- 
ing 5 hours boiling 
21 
_ 
OT 
8 
26 


olan cat Sata ata Reems ne aanteet tt i ele ater GER 
ceFRAL  ta e  e, 

No specimen tested failed in the first freezing, the least resistant 
specimen showing first signs of failure in 22 cycles, the most resistant 
showing first signs at 1450 cycles. The Schurecht or Kreiiger criteria, 
however, indicate the potential destructive action of the entrained 
water during the first cycle. As shown in Table 3, the entrained water 
constantly increases, and if the S or K ratios be applied, they must be 
determined for each increasing cycle. The problem is further com- 
plicated in that the relative amounts of the entrained water, mechan- 
ically held and chemically combined, is unknown. 

Since the resistance to disintegration by freezing and thawing has 
been shown, (see Table 2 and Fig. 7), to be practically independent of 
the absorption and therefore of the porosity, we may conclude that the 
destruction is probably not due solely to the internal pressure of the 
contained ice. It should be noted carefully, however, that the stresses 
caused in the material by the pressure of the ice, will possibly depend 
on the pore shape as well as the relative pore space. It may well be 
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that Kreiiger’s ratio or some other absorption measurement may give 
an empirical indication of this shape and so prove of value in indicating 
the resistance to freezing and thawing tests. 

The simpler physical teste having failed to give a definite indication 
of the resistance to destruction by freezing, the cast stone samples 
were carefully examined, for structure and for mineral composition 
of the aggregates, the results of which examination are given in Table 
1. The type of aggregate or the combination of aggregates present 
in the test specimens apparently has no important influence on the 
resistance. For example, samples A, C, D and FE have very similar 
values for compressive strength, absorption and Schurecht’s ratio, 
and all but one have practically the same modulus of rupture. How- 
ever, samples D and E were highly resistant, while A and C showed 
very low resistance. Sample E was fabricated by the dry-tamp 
process; the others were wet-poured. Samples C and EK, one poor, the 
other very good, had only one material, calcite, as aggregate. Samples 
A and D had ealcite and slag as aggregate, yet in resistance to freezing 
and thawing one was poor, the other very good. The whole list of 
samples may be examined and it will be found, as with these four 
that the cast stone made with any particular type of aggregate shows 
no definite superiority to that made with the other types. 

The spalling of small particles from the surface was usually the 
first sign of the effects of freezing. This could have been due to the 
internal pressure of newly formed ice or, more probably, to the differ- 
ential expansion due to temperature differences, or to both effects. 
The main disintegration, however, which bore no relation to the initial 
spalling, consisted in a separation of the aggregate from the cement 
and fine aggregate mortar. Initial signs of the ultimate failure usually 
consisted in the appearance of raised ‘“‘map’’ lines around the portions 
of aggregate exposed on the surface. The concrete was found to have 
separated along this line, and as the freezing cycles progressed, it 
would rise higher along one side of the line of separation than the 
other until eventually a portion on the higher side would separate 
completely from the remainder. Examination of such a piece and 
the surfaces of separation indicated that the separation was accompan- 
ied by a destruction of the bond of the mortar to the aggregates. 


8—SPECIFICATION REQUIREMENTS 


The time required to determine weathering resistance by repeated 
freezing and thawing is so great that it is not practicable to use this 
test as a specification requirement. Simpler physical tests which 
can be made within a week must be used. Unfortunately such tests 
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show individually a low correlation with the results of the cyclic 
freezing and thawing tests. Consequently, the specification must be 
based upon several requirements, which together will exclude a 
large proportion, if not all, of the materials having a low weathering 
resi ‘tance. 

It may happen that some samples which have shown satisfactory 
weathering qualities (as determined by the freezing and thawing 
test) may also be excluded. This is unfortunate, but the exclusion 
of poor material is the fundamental objective of the specification. 


The requirement of a minimum compressive strength of 5,000 lbs. 
per sq. in., of a maximum 48 hour absorption of 8 per cent, and of a 
maximum boiling absorption (48 hours’ soaking at room temperature 
followed by five hours’ boiling) of 11 per cent eliminated a large 
number of the specimens with poor weathering qualities. 


While seeking an additional criterion of rejection, it was noted that 
a large portion of the poor samples that had not been rejected had 
Schurecht ratios below 0.6, or above 0.9. It was also noted that most 
of the good samples in this category had low absorptions. The require- 
ments of a Schurecht ratio of not less than 0.6, or more than 0.9 
was therefore added with the condition that it be applied only to 
those specimens whose 5-hour boiling absorption was more than 6 
per cent. The use of a.lower limit for the Schurecht ratio has no 
theoretical foundation, but the results of these and other tests have 
shown that neither does an upper limit apply theoretically. Both 
were used solely because they were the only criteria found for separat- 
ing a number of the specimens of good quality from those of poor 
quality that could be differentiated by no other means. 

The Federal specification as written eliminated all specimens (12) 
showing a weathering resistance of less than 113 mean weathering 
cycles, and all but two of the specimens (28) showing a weathering 
resistance less than 280 cycles. On the other hand 21 specimens with 
a resistance of 300 cycles or over were excluded. Of the 68 specimens 
upon which all specifications test were made 19 met the requirements 
of the specification and 49 were rejected. 


9—SUMMARY 


1. The compressive sirength of the 2 x 2-in. cylinders varied from 
1,550 to 21,720 lbs. per sq. in.; the compressive strengths of 1 x 1 x 2-in. 
prisms varied from 1,300 to 15,780 lbs. per sq. in. 


2. The modulus of rupture determined on 1x 1x8 in. bars on a 
6-in. span varied from 220 to 1,640 lbs. per sq. in. 
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3. The 48-hour absorption in water at room temperature varied 
from 2.0 to 13.1 per cent of the dry weight, and after then boiling 
the specimens for five hours the absorptions ranged from 2.5 to 18.2 
per cent. 

4. There was no marked difference in the distribution of the 
strengths, the 21° C. absorptions, or the resistance to destruction by 
freezing and thawing between the specimens made by the wet-cast 
and those made by the dry-tamped process. The boiling absorption 
of the dry-tamped specimens averaged higher than those of the wet- 
cast specimens. 

5. The two samples made by the vibration process were very high 
in compressive strength, and above the average in cross bending 
strength. The absorptions were much below the average, the resist- 
ance to freezing and thawing above the average. 

6. The two samples made by puddling possessed the highest cross 
bending strengths and, other than the vibrated specimens, had the 
highest compressive strengths. Like the vibrated specimens, the 
absorptions were very low, and the resistance to freezing and thawing 
above the average. 

7. The Schurecht ratios of the dry tamped specimens were almost 
all lower than those of the poured specimens. The Schurecht ratio 
in itself gave no indication of the quality of the materials for resistance 
to disintegration, but the far greater portion of these specimens with 
boiling absorption of more than 6 per cent and with a Schurecht ratio 
higher than 0.9 or lower than 0.6, were of poor resistance. 

8. Repeated freezing and thawing in which the specimen is con- 
stantly in contact with water results in the absorption of more and 
more water. The specimens within a short time, therefore, are all 
thoroughly saturated with water, and the internal stresses produced 
by the cycles from this point of saturation onward must be independent 
of the Schurecht or Kreiiger ratio. 

9. There is not sufficient correlation of the resistance to freezing 
and thawing of the specimens with their strength and porosity to 
indicate that failure is due in any large measure to destruction by 
internal ice pressure. 
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Readers are referred to the JouRNAL for A pril 1932, for discussion which may develop. 
Such discussion should reach the Secretary by March 1. 











' 
d 
; 
f 


Discussion of a paper by Raymond E. Davis and Harmer E. Davis: 


“FLow oF CoNcRETE UNDER THE ACTION OF SUSTAINED 


Loaps’’* 


BY HARDY CRosst 


lor these tests the whole profession is much indebted to the authors. 
The scope of the tests seems to the writer to be that which promises 
most rapid development of the field of structural design. The experi- 
menters have confined themselves to the exact properties of the 
materials and have given these properties to the profession for con- 
sideration in their designs. It is evidently prohibitive to test each and 
every type and proportion of structure in the hope of discovering 
thereby any consistent effects of time yield. 

The writer will confine his remarks to the effect of time yield upon 
the stresses in structures of reinforced concrete and the consequent 
influence of time yield as an element in design. We may separate the 
subject into two phases, the effect of time yield upon the moments, 
shears and reactions in structures, and the effect upon internal stress 
produced in beams and columns by these moments and reactions. 

Structures of reinforced concrete are almost invariably continuous, 
The moments and reactions in continuous construction must be found 
by what is commonly called the mathematical theory of elasticity. 
Let us review briefly the fundamentals of this theory. It states that a 
continuous structure must deform in such a way that it satisfies both 
the conditions of statics and also the conditions of geometry essential 
to the preservation of its continuity. The elementary geometric 
principle involved deals only with the rotations and displacements 
produced by a series of small angle changes. These angle changes are 
a result of bending moments and the moments in turn affect the value 
of these rotations. If we can determine the angle change in a short 
length of beam for a given bending moment we can proceed to a precise 
analysis of the moments in continuous structures. This will bear 

*A. C. I. JounNAL, March 1931; Proceedings, Vol. 27, p. 837 and discussion (June), p. 1283. The 
paper was presented as part of the work of Committee 109, Summary of Plastic Flow, Raymond E. 


Davis, author-chairman, 
(Professor of Structural Engineering, University of Illinois. 
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repetition. If we can find in some way the angle change per unit of 
moment produced in a short length of beam by a given moment, our 
problem involves only statics and the most elementary concept of 
geometry; about these it is obviously futile to perform experiments. 
Note, however, that these angle changes are for the particular part of 
a particular structure with which we are dealing and for the particular 
moment which exists on that part of the structure. But the analysis 
involves no assumption as to elastic recovery. The concept of elastic 
recovery, usually implied in the term elasticity, has nothing whatever 
to do with the theory of continuity. 

We cannot hope to determine experimentally all of these angle 
changes. In order to predict them we make assumptions as to the 
deformation of plane sections in beams and as to the ratio of deforma- 
tions to stresses. The usual elementary procedure is to assume that 
plane sections remain plane and to assume the application of Hooke’s 
Law. For purposes of design we further neglect the tension in the 
concrete, but we should not do this for purposes of analysis for con- 
tinuity because here we are trying to determine what angle change 
actually takes place and not what maximum stress in the steel might 
conceivably occur. But in beams of reinforced concrete some sections 
may be and other sections will not be cracked; the modulus of elasticity 
of concrete for instantaneous loads is not constant but is a function 
of the stress, and we may expect that plane sections do not remain 
plane near the point where cracks occur on the tension side. To these 
uncertainties is further added the complication that the ratio of stress 
to strain is a function not only of the stress but also of time. 

We have now as elements in the problem the ordinary, long-recog- 
nized variation of the modulus of elasticity, uncertainties as to the 
distribution of stresses on plane sections in T-beams and in other 
cases, uncertainties as to the location and effect of local cracking, and 
uncertainties introduced by the effect of time yield. We have elements 
of uncertainty, then, as to the exact mechanics of internal stress, we 
have elements of chance, and we have variation in the properties of 
the material with time and with stress intensity. The problem of 
analysis of a continuous structure now seems somewhat hopeless. The 
statement frequently made that structures of reirforeed concrete are 
not truly elastic in the sense that they do not have complete elastic 
recovery is perfectly true and entirely immaterial. But the fact that 
structures of reinforced concrete are not truly elastic in the sense that 


we cannot predict with accuracy and certainty the exact angle change 
per unit of moment per unit of length from one section to another of a 
beam is also true and is very pertinent. If, however, we make reason- 
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able assumptions as to the errors in our predicted values of angle 
change and recompute the moments in the structure taking account 
of these errors, we usually find that they affect very little the results 
of our analyses. In other words, we get about the same moments in a 
continuous structure in spite of normal variations in modulus of 
elasticity and other variables affecting the angle changes. This fact 
needs continual emphasis. Variations of 100 per cent in the assump- 
tion on which we base the computation of angle changes sometimes 
produce discrepancies of the order of only 5 per cent or 10 per cent in 
the results of the analyses. 


We are now prepared to consider specifically the effect of time yield. 
Restrict the discussion first to the case of stresses produced by loads. 
It is conceivable, without experiment, that time may change the ratio 
of stress to deformation either by increasing it or by decreasing it. If 
the effect is independent of the amount of stress so that at the end of 
one month or one year the deformation for a given stress is always 
twice as great or half as great or the same as in the beginning, the 
analysis for continuity is not affected at all. On the other hand, the 
change in ratio of stress to deformation may be a function not only of 
time but also of intensity of the stress. This we know is true for 
instantaneous stress, and it becomes important to consider the condi- 
tion in the case of time yield. We may jave a condition that the ratio 
of what we will call for convenience the F values at the end of one 
month to the instantaneous values of # is one-half if the stress is 400 
lbs. per sq. in. and one-third if the stress is 800 Ibs. per sq. in. 


lor convenience, eall the ratio of the value of FE after continued 
loading to the instantaneous value of £ the time ratio for E. If this 
ratio decreases with the stress greater flexure will occur in the highly 
stressed sections and a slight decrease in the moments at these sections 
from those computed for constant EF will result. If, on the other hand, 
this time ratio for FE is the same for all stresses, time yield does not 
affect the analysis. If this ratio increases with the intensity of stress 
we may expect that the larger moments will be increased and the 
smaller moments will be decreased as an effect of time yield. But the 
change in bending moments will be small in any case. Notice that these 
changes are an effect not of time yield, but of the variation of time 
yield with stress intensity. 


We may look at this in another way. If the time ratio for # de- 


4 


creases with stress, this is as though the beam were made more shallow 
at the highly stressed sections, and if this ratio increases with stress 
this is as though the beam were deepened at the points of high moment. 
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Anyone who has analyzed haunched beams knows the small effect on 
moments produced by large amounts of haunching. The reader 
is referred to the curves for C,; and C;, in the recent paper by L. T. 
Evans on “The Modified Slope-Deflection Equations.’’* These 
curves show the effect of haunching upon the moments in beams fixed 
atends. Variations of 25 per cent in the value of m represent variations 
of 100 per cent in the moment of inertia of the section. 


The data presented in Fig. 10 and 11 of the paper under discussion 
seem to show a slight increase of the time ratio for E as the stress in- 
creases, so that the greater the stress the more nearly is F independent 
of the duration of the load. If this is true, the analysis of a continuous 
beam on the assumption of constant Z is more nearly correct at the 
end of one year than it is when the load is first applied. Whereas the 
effect of instantaneous plastic flow is to decrease somewhat the 
moments at highly stressed sections as compared with values obtained 
by assuming F constant, the effect of time is to increase them very 
slightly. Study of the data seems to indicate that this variation in 
ratio of the time value of EF to the instantaneous value of FH as a 
function of the stress is entirely too small and entirely too uncertain 
to be considered as a factor in the analysis of continuous structures. 
This conclusion, that time yield is not an important factor in the 
analysis of continuous structures for loads is strongly supported by the 
analyses made by Dr. L. G. Straub at the University of Illinois and 
published later in Transactions, A. 8. C. E., 1931, under the title 
“Plastic Flow in Concrete Arches.”’ 


Thus far we have confined our discussion to the effect of time yield 
upon moments produced by loads on continuous structures. The effect 
upon moments produced by imposed deformations of the structure is 
an entirely different matter. These deformations include shrinkage, 
effect of temperature changes, and settlement of supports. In these 
cases the ratio of stress intensity to deformation enters directly into the 
analysis of moments. If Z is twice as great in one arch subject to given 
temperature change as it is in another, the moments and thrusts 
produced by this temperature change may be expected to be of the 
order of twice as great in the first arch. But they will not be exactly 
twice as great if the value of EZ is a function of stress, because the rota- 
tion per unit of moment in a given length of beam will not increase in 
quite direct proportion to the decrease in EH for outer fibre. Such con- 
siderations enter into the discussion of concrete beams in pure flexure. 
We should also distinguish the bending which occurs where there are 


*A.C. I. Journat, October 1931; Proceedings, Vol. 28, p. 109. 
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many cracks from that which occurs where there are no cracks, and we 
must further distinguish the effect of distortion of the concrete in 
compression, which is affected by time yield, from the distortion of the 
steel, which is scarcely affected at all by time yield. The influence of 
time yield as a mitigating factor in stress in concrete arches due to 
temperature changes and shrinkage has long been recognized and is 
usually included in the analysis by a reduction of the temperature 
range to be provided for. 

It might be supposed that rib shortening in arches is similar to the 
effect of temperature changes. It is customary in arch analysis so to 
treat it. The procedure is to compute moments and thrusts in an arch 
for the loads neglecting distortions produced by axial compression, 
then compute the change in span which these axial forces would 
produce and recompute the moments for this change of span just as if 
it were due to a change of temperature. But when we consider the 
effect of time yield the similarity between rib shortening and the effect 
of changes of temperature vanishes. The changes in EZ are a factor 
now both in computing the hypothetical change in span and also in 
computing the moments produced by this change in span. Review of 
the theory will show that the value of # disappears from the computa- 
tion. This is not strictly correct because the value of E affects in 
somewhat different order the angle changes per unit of moment and 
the linear distortions per unit of thrust. But the difference is small and 
it would take much more precise and consistent laboratory data and 
much greater time yield effects to justify an attempt to include this 
factor in the analysis. This conclusion that rib shortening is affected 
very little by time yield is also borne out by the algebraic treatment 
presented by Dr. Straub in the paper referred to above. 

Briefly summarizing the effect of time yield as a factor in the analysis 
of continuous structures, then, we may conclude that its effect upon 
moments is in any case very small, that there is experimental evidence 
that it may increase rather than decrease the large moments, and that 
even if it could be consistently shown that the moments were decreased, 
the result would be tco small and too problematical to be included 
properly in analysis for design. The effect is masked by chance varia- 
tions in the actions of sections in flexure, such as tensile action in the 
flanges of T-beams subject to negative moment, chance variations in 
the value of £ due to slight changes in the properties of the concrete 
in the beam from one section to another, and other factors. In his 
paper, ‘Continuity as a Factor in Reinforced Concrete Design,”’* the 
writer has shown data indicating the uncertainties which might result 


*A.C. 1. Proceedings, Vol. 25, p. 669. 
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in beam analyses from the chance variations of the modulus of elas- 
ticity of the concrete of which a beam is made. A more extensive study 
of the effect of chance in this respect will be found in Bulletin 203, 
University of Illinois Engineering Experiment Station, “Dependability 
of the Theory of Concrete Arches’’ by the writer. 

It should be needless to discuss the effeet of time yield upon the 
moments produced in beams which are statically determinate. The 
moments in this case are a matter of definite computation for given 
loads, the reactions being entirely determined by statics. The moments 
in such structures have nothing whatever to do with the properties of 
the material of which the beam is made. 

The effect of time yield upon the internal stress produced by given 
moments and thrusts is another matter. In beams we usually find the 
stress in steel and concrete by assuming that the concrete takes no 
tension and that the stress variation in compression is linear. Both 
assumptions are known to be wrong. There is usually some tension in 
the concrete between the top of a crack and the surface of zero stress 
(neutral axis), and the stress distribution in compression is never 
linear. Within reason, whatever the variation in stress on the eom- 
pression side, the centroid of compressive force is not moved very much. 
The lever arm of the internal stress couple, which equals the bending 
moment, is then very little affected and the stress in the steel is 
practically the same in any case. It seems futile to discuss the effect 
of time yield on the stresses in tensile steel until we have so refined ou 
methods of design that we are prepared to include the effeet of ordinary 
variations in modulus of elasticity. In any case, the effeet upon the 
steel stress can be only a few percent. As the value of n increases with 
time, we would expect a decrease in the lever arm of the resistant 
couple and a consequent increase in the computed stress in the steel 
as a result of time yield. 


On the compression side of a beam it has never been customary to 
include the effect of variation of 2 as a factor in the computation of 
stress. Compressive failure is so rare that it has not seemed worth 
while to include this as an element in design. See, however, the recent 
paper of Slater and Lyse on ‘‘Compressive Strength of Conerete in 
Flexure as Determined from Tests of Reinforced Beams.’’* 

Time yield obviously increases the participation of the steel where 
compressive reinforcement is used. This property is now recognized 
and has been recently extensively discussed in connection with tests of 
columns of reinforced concrete. 


*A.C. 1, Jounnan, June 1930; Proceedings, Vol. 26, p. S31 
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Time yield may also be expected to increase the stresses in com- 
pressive reinforcement used in beams. The method which we always 
use in America of computing the stresses in such reinforcement on the 
basis of an assumed value of n is quite naive. Shrinkage and time yield 
increase the stress in this steel just as stress in the longitudinal steel of 
columns is increased. It may not be proper to go so far in this case as 
it is proposed to do in column design and depend upon the steel to carry 
load up to its yield point, but the tendeney is evidently in that diree- 
tion. 

Time yield is an obvious and long-recognized factor in the computa- 
tion of deflections. The writer believes it is not possible to compute the 
deflection of a concrete structure with any accuracy in actual strue- 
tures. About the best we can do is to guess at it on the basis of what- 
ever experience we have in this field, but whatever the instantaneous 
deflection of a conerete structure under load, it is well known that this 
deflection increases with time. 

So far as the writer is able to see, time yield does not enter as a 
usable, dependable factor in considering the design of reinforeed 
concrete structures except as follows: 

(a) It reduces the stress produced by gradual temperature changes 
or by shrinkage or by gradual foundation displacement. 

(b) It should be considered in choosing working stress in the longi- 
tudinal steel of columns and in the compressive reinforcement of 
beams, but if this is done we must not include dead load and live load 
together in analysis. Time yield can only be depended upon to reduce 
the stresses produced by loads of long standing. 


(c) Time yield is obviously a factor in considering the design of 


structures from the point of view of deflection, 
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Discussion of a paper by W. R. Johnson: 


““CONCRETING THE CALDERWOOD TUNNEL’’* 
BY J. Y. JEWETTT 


In molding standard 6 x 12-in. or 8 x 16-in. concrete test speci- 
mens, on such massive work as dams and tunnels, where the use of 
large aggregate from 3 in. up to 8 or 10 in. has become prevalent, 
practice is varied in discarding pieces larger than a certain limit- 
ing size, depending on the diameter of the specimen. 

In this paper it is noted that for 8 x 16-in. cylinders, all aggregate 
larger than 2 in. was discarded, and similarly in molding 6 x 12-in. 
cylinders, all larger than 1% in. was removed. 

In general, it seems to be the practice in describing work where the 
use of large aggregate prevails, to state proportions of mix used in the 
work, and in the tabulation of tests to state results of compressive 
strengths in lbs. per sq. in., with the implication that these test results 
represent the mix. As a matter of fact, the proportions are changed 
by the removal of the large rock. Even with mention in the text of 
such removal, this is not generally brought out directly in its relation 
to the results obtained, and a misleading impression may be gained by 
the general reader. 

The writer’s practice, after trying various methods, has been to re- 
place the rock removed, with an equal amount of rock of size just under 
the maximum for the specimen. The material added should be in the 
same surface moisture condition as that removed. Thus unbalancing 
the mix is reduced to a minimum, with aslight change only in grading of 
sizes and in moisture content. The effect of this change, which avoids 
changing the proportions of mix, would probably tend to reduce 
slightly, but not materially, the compressive strength results. 

It has seemed to the writer that practice in this respect should be 
standardized and with this end in view the matter was brought to the 
notice of Committee C-9 on “Concrete and Concrete Aggregates,’’ of 
the American Society for Testing Materials; with attention called to 


*A_C. I. Journat, June 1931; Proceedings, Vol. 27, p. 1189 
tTesting Engineer, City of San Diego, Calif. 
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the fact that the “Standard Method of Making and Storing Com- 
pression Test Specimens of Concrete in the Field,’ Serial Designation 
C 31-27, did not adequately meet this condition. The result has been 
recommended by F. R. MeMillan in Appendix III of the 1930 re- 
port of the Committee, based on a substitution as here suggested by 
the writer, but with the substitution adjusted to maintain the original 
consistency of the concrete, rather than to meet the exact weight of the 
portion removed. Thus far this has not been incorporated in the 
Standard, but appears as suggested procedure. 

In many instances the two methods would probably give similar 
results. Where the amount of material discarded is relatively large, 
there might be a more marked difference, with the question remaining 
whether the unbalancing of the mix or of the water-cement ratio is the 
more serious factor. It seems that some standard practice is highly 
desirable, and that in description of tests where this feature is involved, 
the aggregate content of the specimens, relative to proportions of mix 
in use on the work, should be prominently noted, and allowance made 
therefor in the results. 

On the point of maximum size of aggregate for these test specimens: 
while the one-fourth of diameter limit recommended by Mr. Me Millan 
was formerly used as a standard, general practice in recent years has 
been to use up to 2 in. maximum in 6 x 12 in., and to about 3 in. 
maximum in 8 x 16-in. cylinders; which seems reasonable as a matter of 
practice, and is sustained by the A. 8. T. M. Standard referred to. 



































REINFORCED CONCRETE COLUMN INVESTIGATION 


Committee 105, Reinforced Concrete Column Investigation, F. E. 
Richart, Chairman, here passes on te the membership of the Institute 
without discussion at this time, the Fourth Progress Reports on tests at the 
University of Illinois and Lehigh University. These reports complete 
the record of the two parallel investigations in the Committee’s program, 
except for results of observations of columns under long-time sustained 
working load. First, second and third progress reports from the two 
laboratories were published in this JouRNAL for February, March (Vol. 
27) and November (Vol. 28) 1931. 


At the 28th Annual Convention in Washington, March 1-4, the Com- 
mittee will present discussions of the column investigation to date and a 


final report will be made after the observations of long-time sustained 


working load are complete, early next fall. At the Convention and subse- 
quently, before and after the publication of the final report, the work will 
be open for general discussion. Readers are referred to the JOURNAL for 
September 1932, Proceedings, Vol. 29, for discussion which becomes 
available before July 1.—Ep1Tor. 
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Fourtu ProGcrEss REPORT ON THE COLUMN TEsts MADE 


AT THE UNIVERSITY OF [ILLINOIS 
BY F. E. RICHART* AND G. C. STAEHLET 


INTRODUCTION 


1. Introduction—This report completes the record of column tests 
made in the current investigation at the University of Illinois, with the 
exception of a few tests (Series 3 and 8) in which columns are still being 
observed while subjected to a long-time sustained working load. 
Previous reports have been made on Series 1, 2, 3, and 7 (See A. C. I. 
JOURNALS; February, March, and November, 1931), and the present 
paper gives the principal data of Series 5 and 6 and further information 
regarding Series 3. 

A description of the organization of the work has been given in the 
previous reports. Particular acknowledgment is made here to R. L. 
Brown, L. R. Tucker, and T. G. Taylor of the Engineering Experiment 
staff for valuable assistance on the tests and in the reduction of data. 

SERIES 3-——TESTS OF COLUMNS UNDER SUSTAINED LOADING 

2. Outline of Tests of Series 3—This series of column tests was made 
to study the magnitude of the changes in stress distribution caused by 
shrinkage and plastic flow of the concrete over a period of a year or 
more, and to determine the influence of such changes upon the ultimate 
column strength, as shown by a test to failure. The progress report on 
Series 3 (A. C. I. Journat, March, 1931) gave the results of strain 
measurements on columns that had been under observation (both 
under a sustained design load and under no load) for a period of five 
months. The present report gives similar data for a one-year period, 
together with the ultimate strengths of the columns at the end of this 
time. An exception to this statement is found in a group of 18 plain 
and 26 reinforced columns, which were not tested to failure but were 
saved for observation during a second year. 

Series 3 as outlined consisted of 108 reinforced concrete columns, of 
which 60 were placed under sustained loads and 48 duplicates were 

*Research Professor of Engineering Materials, University of Illinois, Urbana, Illinois. 


tAssociate Engineer, Structural and Technical Bureau, Portland Cement Association, Chicago, 
Illinois. 
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kept in like storage conditions under no load. In addition to the rein- 
forced columns, there were 45 plain columns of similar dimensions and 
materials. Two storage conditions were provided: (1) in air of labora- 
tory, with temperatures of 70 to 85 deg. F., and 40 to 90 per cent 
relative humidities, and (2) in a standard moist curing room, at 70 * 4 
deg. F., in a saturated atmosphere. 


The design loads to be applied to the columns were computed from 
the column formulas of the A. C. I. Joint Building Code and (for four 
columns) the 1916 building code for New York City. The sustained 
loads were applied to the columns over the one-year period by means 
of special loading rigs (described in the March report) utilizing heavy 
calibrated compression car springs which served both to measure the 
load and to stabilize it as yielding of columns occurred. The com- 
pression in the springs was adjusted at intervals to compensate for the 
gradual yielding of columns. 


8. Strains in Columns After Sustained Loading for One-Y ear— Table 
1 gives a list of the columns of this series, with the design loads used, 
and a tabulation of the stresses in vertical steel and concrete as com- 
puted from strains measured in the columns after they had been under 
sustained load for a year. The table also gives the compressive 
strength of control cylinders made and stored with the columns, as 
determined at the beginning and end of the one-year period. It is of 
interest here that the air-stored cylinders showed an average increase in 
strength of about 15 per cent, while the moist-stored cylinders showed 
about 30 per cent increase from the age of 2 months to that of 14 
months. 


A comparison of the stresses in columns after a year’s loading, as 
given in Table 1, shows very little change from the values found after 
five months loading, as given in the previous report. In some cases the 
stresses have decreased during the last seven months. It appears that 
changes in humidity, and possibly temperature, have affected the 
results to a considerable extent. The observations after five months 
loading were taken in the winter when the relative humidity was low; 
the one-year observations during the summer when the relative humid- 
ity was high. Thus any increase in flow during the last seven months 
appears to have been largely compensated by an expansion due to 
increase in moisture. It is seen that the greatest steel stress in any 
column after loading for a year is 30,800 lb. per sq. in., of which 11,100 
was observed when load was first applied. The load on this column 
was based on the New York Code; companion columns loaded accord- 
ing to the A. ©. I. formula shdwed a steel stress of 26,700 lb. per sq. in 
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From the values given in the table, it appears that in very few of the 
columns did the steel stress exceed 50 per cent of the yield point stress 
of the steel; neither does the maximum unit deformation of 0.00103 
(114 in. per 100 ft.) seem very serious, considering that over one-third 
of this is the initial elastic deformation due to the applied load. 


Time-strain curves giving the record of column deformations 
throughout the year are given in Fig. 1 to7. The loading period ended 
in the summer months of June, July, or August, 1931. The curves 
show greater irregularities than did the corresponding curves for the 
five-month period; this may be due to the effect of a complete cycle of 
seasonal variations. 


Average time-strain curves have been replotted in Fig. 8 and 9 to 
facilitate study of the effects of grade of concrete, of the amount of 
vertical reinforcement, and of the kind of storage. Fig. 8 shows curves 
for several groups of columns in which the grade of concrete is the only 
known variable. The curves illustrate the marked difference in action 
of columns in air and in moist storage. There seems in general to be 
no great difference in the results at the end of a year from those noted 
after five months and described in the March report. 


Fig. 9 gives curves for six groups of columns in which the longitudinal 
reinforcement is the important variable. Again the curves are seen to 
flatten out in the latter half of the year, leaving the results much the 
same as those reported previously. Generally, the columns with 1.5 
per cent of vertical steel show the most rapid increase in stress with 
time, as well as the greatest intensity of stress at the end of the year, 
even though the initial stress when load was applied was less than for 
the other two amounts of reinforcement. 


In most of the curves shown, the rate of increase of stress with time 
was very small, but considering the possibility of further changes in 
seasonal conditions it cannot be said that the full effect of flow and 
shrinkage had been reached. In the group of columns saved for further 
tests, observations will be made for another year, or for several years 
if it seems advisable. 

4. Plastic Flow and Shrinkage—Series 3 was not outlined as a study 
of plastic flow or shrinkage, per se, but rather as a study of the effect 
of these phenomena upon the behavior of reinforced concrete columns 
under service conditions. Because of the presence of the reinforce- 
ment, and of the nature of the formula by which the applied loads were 
determined, it is very difficult to distinguish any relation between the 
quality of the concrete itself and the corresponding plastic flow or 
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shrinkage. To supplement the data from the reinforced columns, a 
group of 45 plain columns were made and observed for the one-year 
period. Of these, six were held under sustained load, in laboratory air 
storage. The others were stored in laboratory air or in the moist room. 
Fig. 10 shows graphically the amount of shrinkage or expansion ob- 
served in the unloaded columns during the year. Fig. 11 shows similar 
curves for loaded and unloaded companion columns for a period of 8 
to9 months. The upper curves show the deformation due to shrinkage, 
plastic flow and change in modulus of elasticity, while the lower ones 
show the effect of shrinkage alone. The unit loads used with these 
columns were 500, 875, and 1250 lb. per sq. in., or one-fourth of the 
designed 56-day strengths of the three grades of concrete used. These 
stresses are in general considerably less than the concrete stress in the 
reinforced columns when first loaded, and a little greater than the 
concrete stress remaining in these columns after one year of sustained 
loading. The greatest total time-deformation is found to be 0.0012 
for the 3500-lb. concrete for a period of about nine months, although 
the net flow (with effect of shrinkage deducted) is nearly the same for 
the 3500 and 5000-lb. concretes. It is of interest that the shrinkage 
for the three grades of concrete is nearly constant and equal to 0.0004 
for the period of 8 to 9 months. 


5. Modulus of Elasticity—In the testing of all control cylinders, 
stress-strain curves were obtained. This permits a comparison of the 
moduli of elasticity of the concrete at ages of 56 days and 1 year 56 
days. It was generally found that the stress-strain curve was a straight 
line up to one-fourth or more of the ultimate strength and the moduli 
given are based on this initial tangent. Table 2 gives values of com- 
pressive strength, f.’ and modulus of elasticity, FE, for 56-day cylinders 
(See A. C. I. Journat, March, 1931), and for cylinders 1 year 56 days 
old, together with values of the ratios of the two moduli. It is at once 
apparent that there was very little change in the value of E for cylinders 
in dry air storage for a year, and that the value of E increased con- 
siderably for those in moist storage. The increase for the latter is 
about proportional to the increase in strength. Fig. 12 shows the data 
of these cylinder tests plotted to show the relation between modulus 
of elasticity and compressive strength. 


The data of Table 2 may be used in studying the curves of Fig. 1 to 9. 
There was evidently little change in HF for the air-stored columns, 
which exhibit large plastic deformations, but a little calculation shows 
that in the moist stored columns, the elastic deformation due to the 
load application may have decreased 10 to 25 per cent during the year. 
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Reference is sometimes made to the “‘sustained modulus of elas- 
ticity,’ or the ratio of stress to deformation from all causes, as observed 
in members held under sustained load. An idea of the value of this 
sustained modulus may be obtained from the column stresses, f, and 
f., given in Table 1. Letting n’ equal the ratio of modulus of elasticity 
of steel to the sustained modulus of elasticity for the concrete, n’ = 


8 . 
7? and has the following values: 
c 


7 














Air Storage 

Nominal Concrete Strength 
lb. per sq. in. 2000 3500 5000 

_ fe, at load application 
~ fe (from March report) 10.6 8.0 7.7 
n', after l-year loading 42.6 31.6 30.9 
Ratio n’/n 4.0 4.0 4.0 

Moist Storage 

n, at load application 8.8 8.2 6.2 
n’, after 1-year loading 10.4 9.6 8.2 
atio n’/n 1.3 1.2 1.3 





It appears that for air-stored cylinders, for which shrinkage and flow 
deformations were large, the average sustained modulus of elasticity 
after 1 year was only about 25 per cent of the initial modulus of 
elasticity; for moist-stored specimens in which there was expansion, a 
low plastic flow and an increase in elastic modulus, the sustained 
modulus is about 80 per cent of the initial value. The sustained 
modulus, of course, depends greatly upon the intensity of the applied 
stress which produces flow, and is mentioned here merely as a con- 
venient conception for use with the ordinary column formula. 


6. Ultimate Strength of Columns of Series 3—It was the original plan 
to test all of the 153 columns of Series 3 to failure after they had been 
under observation for l-year. However, it was later decided to save a 
few for further observation, and 22 loaded and 22 unloaded columns 
were reserved for at least another year’s study. The remaining 109 
columns were tested to failure in testing machines by the ‘‘fast”’ loading 
procedure followed in Series 1 and 2. Because of the arrangement of 
the time-loading rigs, it was necessary to release the loads and to 
remove the columns from the rigs before placing them in the testing 
machine. This release of load permitted a recovery of the large elastic 
strains in the steel and resulted in the formation of tension cracks in 
the concrete, generally 10 to 12 in. apart. The columns were tested at 
once, and strain measurements showed that when the applied load had 
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reached the value of the l-year sustained load, the cracks had closed 
and the steel and concrete strains corresponded closely with those 
measured under the spring loading. 


In the case of the columns held for a year under no load, however, 
no shrinkage cracks were observed, even in columns with 6 per cent of 
vertical reinforcement. Since the difference between the strains in 
plain and reinforced columns was in excess of 0.0002, an amount 
greater than the ultimate tensile deformation for concrete under fast 
loading, it seems that there must have developed simultaneously with 
the shrinkage a considerable tensile plastic flow, which inhibited the 
formation of cracks. 


The ultimate strengths of the columns of Series 3 are given in Table 
3. The last column of the table gives the ratio of the strength of the 
columns that had been unloaded for the year to the strength of the 
ones that had been under sustained load and had developed high flow 
and shrinkage stresses. The grand average value of the ratio is 1.0, 
showing that the initial strains in the ‘“‘sustained load’’ columns had no 
effect upon the ultimate load. This was to be expected in view of the 
large deformations developed after the vertical steel reached the yield 
point, particularly in the spirally reinforced columns. 


Stress-strain curves for all of the columns tested are given in Fig 
13 to 17. 


7. Yield Point of Columns—The load at which the vertical steel has 
reached its yield point and the concrete has developed its ultimate 
strength (unrestrained) has been called the yield point of the column. 
As shown in Table 5, this is also the maximum load for a tied column 
In a spirally reinforced column at this load the concrete rapidly be- 
comes plastic and its lateral bulging develops stress in the spiral until 
the pressure of the spiral on the concrete has raised the load-bearing 
capacity of the concrete core enough to carry any given increase in 
load. It is obvious that the column yield point should be characterized 
by a rapid increase in both longitudinal and lateral deformations. This 
was verified in the tests, wherein the yield point computed as in Table 
6 from the expression Y.P. = pf,-+- Rf’.(1—p) agreed very well with 
the point of rapid increase in deformations. The yield point cannot 
be located on the load-strain curves of Fig. 15 for the reason that the 
deformation shown on these curves is the average for 12 gauge lines on 
the column, and a rapid increase in strain at one section of the column 
does not greatly affect the average curve. To compare yield point and 
deformations, it is necessary to study the individual strain readings 
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Although it has generally been shown that the yield point stress for 
steel is about the same in compression as in tension, it may be noted 
that the yield point in compression is not well-defined, but consists of 
a gradual rounding off of the stress-strain curve. This feature may be 
expected to produce a similar gradual rounding off in the stress-strain 
curve for the vertically reinforced column. 





8. Analysis of Distribution of Load on Columns—In the study of 
Series 1, 2 and 7 the distribution of the strength of the column among 
its structural elements has been analyzed. The portion carried by the 
concrete of a reinforced column has been taken as the strength of a 
plain column of the same cross-section. The strength of an 8 by 60-in. 
plain column was found to be about 85 per cent of that of a 6 by 12-in. 
cylinder. In this series, data are available regarding the strength of 
plain columns tested after a year of either dry or moist storage, as 
given in Table 4. It is seen that the ratio of column strength to 
cylinder strength is 0.86 for air-stored columns and 0.71 for moist- 
stored columns. The factor 0.85 is seen to be closely applicable to the 
air stored group but not to the moist stored group. 


Further information is afforded by the data of tied columns given 
in Table 5. Here the total load is considered to be equal to the load 
carried by the vertical steel, at its yield point stress, plus the load 
carried on the concrete area. Following the design formula used in 
this Series, the unit loads are based on the gross area of the column. 
The concrete stress so computed at the ultimate load is found to 
average 0.85 times the cylinder strength for air-stored columns and 
(0.64 times the cylinder strength for moist-stored columns. This shows 
an even lower concrete strength in moist-stored columns than was 
indicated by the plain columns of Table 4. This results from the fact 
that for the moist-stored specimens, the column strengths are less, and 
the cylinder strengths greater, than for the corresponding air-stored 
specimens. 


An analysis of the results of the tests of spirally reinforced columns 
is presented in Table 6. Here the vertical steel has been assumed to 
contribute to the unit load an amount equal to its percentage times the 
yield point stress; the concrete strength on the net core area is taken 
at 85 per cent of the cylinder strength for air-stored columns and at 70 
per cent for the moist-stored ones. The remaining column strength is 
attributed to the spiral reinforcement, considered as equivalent longi- 
tudinal reinforcement, with a useful limit of stress, f’,, and an effective- 
ness factor, k. The average value of k is seen to be about 2.4, which is 











ppenenemars 


EE EYEE RTT 


286 JOURNAL OF THE AMERICAN CONCRETE INstTITUTE—Proceedings 


the value determined by Considere* some thirty years ago. This 
value may be compared with the factor 2.16 found in the tests of 10 
columns of Series 1, 2.07 for 50 columns of Series 2 and 1.70 for 6 
columns of Series 7, all containing intermediate grade spirals. For 
drawn wire spirals of Series 7, 14 columns gave an average value of k 
of 1.99. The above values are all from the tests made at the University 
of Illinois in 1930-31; corresponding values found in similar tests at 
Lehigh University were generally somewhat lower, and this was 
apparently due to the use of a free spherical block at one end of the 
column, whereas the tests at the University of Illinois were made on 
“flat-ended” columns. 

To illustrate the effect of a rather small difference in assumptions, 
the value of the factor k has been found for the moist-stored columns, 
taking the concrete strength at 0.85 f’. instead of 0.70 f’, as was done 
in Table 6. The average value of k is found to be 1.66 instead of 2.46, 
as given in the table. Thus it is seen that the determinations of k in 
these tests are rather indirect, and hence are considerably affected by 
the accuracy of the assumptions involved in their calculation. How- 
ever, when there is fair agreement between different series of tests, 
involving varying amounts and qualities of spiral, different grades of 
concrete, varying size of specimen and different age and storage con- 
ditions, a fairly reliable value of k may be considered to be established. t 
Even so, it must be remembered that beyond the yield point, a spirally 
reinforced column is in a state of plastic equilibrium. Any factor 
tending to disturb this equilibrium, such as increased slenderness of 
column, a variation in end restraint or an eccentric load, tends to de- 
crease the effectiveness factor, k, for the spiral. 


10. Factor of Safety—The test data of Series 3 offers a convenient 
fund of information for a consideration of the ratio of ultimate to 
design loads, or the ultimate factor of safety. The design loads given 
in Table 1 are based on nominal concrete strengths, but it would be 
more accurate to base the design on either the actual 56 day or the 1 
year 56 day strengths. In Table 7, the factors of safety are given for 
the various test columns, based on both the 56 day and the 1 year 56 
day cylinder strengths. For the spirally reinforced columns there is 
seen to be a range in the factor of safety from 6.26 to 3.58 (based on 
56-day strengths). When these values are plotted in Fig. 18 against 


*Considere was the originator of the spirally reinforced column and the first to make a rational analysis 
of the action of such columns. The value of 2.4 quoted above was derived by an analysis of the internal 
friction of hooped sand in compression; on the basis of later concrete column tests, he revised the value 
to 2.1. See Experimental Researches in Reinforced Concrete, by A. Considere, translated by L. 8. 
Moisseiff, 1906, 

tA reasonably direct determination of k from tests of ‘‘flat-ended" plain columns and columns with 
a variety of epiral reinforcement but no vertical reinforcement is described in Bul. 190, Eng. Expt. 
Sta., Univ. of Il. The value of & found for 1:2.1:2.5 gravel concrete was 2.05 
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percentages of vertical reinforcement, there is seen to be a well-defined 
decrease in factor of safety with increase in percentage of reinforce- 
ment. Thus the A. C. I. formula for spiral columns, designed to limit 
the steel stresses due to load, flow, and shrinkage in all columns, re- 
stricts the design load on the columns with a low percentage of vertical 
steel. In addition, the amounts of spiral reinforcement used in all 
cases exceeds the amount specified by the A. C. 1. Code which requires 
the percentage of spiral to be at least one-fourth the percentage of 
vertical steel. 

In addition to the study of the factor of safety against ultimate 
failure, it is of interest to see what the factor of safety of the spirally 
reinforced column is at the yield point. From the design loads of 
Table 7 and calculated yield points of columns given in Table 6, pf, + 
Rf’. (1—p), the ratio of yield point stress of column to design stress has 
been calculated for all spiral columns tested, and values of the ratio are 
plotted in the lower part of Fig. 18. It is clear that the ratio decreases 
as the percentage of vertical reinforcement increases, although the 
variation is not quite as great as was found with the ultimate factor of 
safety. Fig. 18 shows that the columns tested had a factor of safety, 
with regard to yield point of column, varying from 2.77 to 4.18. 


For tied columns, the factor of safety shown in Table 7 does not vary 
consistently with percentage of longitudinal reinforcement, and is more 
nearly constant than the values for spirally reinforced columns. The 
range of values, based on 56-day cylinder strengths, is from 4.40 to 
5.78. Obviously, there is no difference between the factors of safety 
for yield point and ultimate load for tied columns. The uniformity 
of the values of the factor of safety for these columns is logical, since 
the A. C. I. formula for tied columns was not planned to limit the 
stresses due to shrinkage and flow as was the spiral column formula, 
even though the tied column is probably in more danger from this 
source than the spirally reinforeed one. 


11. Summary of Tests, Series 83-——The following statements may be 
made regarding the tests of Series 3: 


1. Stresses in vertical reinforcing steel, calculated from the measured 
strains, reached values as high as 26,700 lb. per sq. in. for a column 
made with 3,500-lb. concrete and with 1.5 per cent uf vertical reinforce- 
ment, held under A. C. I. design loads for a year; in similar columns 
under New York design loads the stresses reached a value of 30,800 
lb. per sq. in. The yield point of the vertical steel in these particular 
columns was 45,600 Ib. per sq. in. 
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2. The ultimate strength of columns loaded to failure was the same 
for columns that had been held under sustained loading for a year as 
for companion columns which had not been loaded. 

3. There was no apparent difference in the “column yield point” 
for the columns that had been under sustained load and for those 
which had not been loaded. 

4. The effectiveness of spiral reinforcement of intermediate grade in 
producing ultimate strength in the columns of Series 3 was about 2.4 
times that of an equivalent amount of vertical steel of similar quality. 

5. The increase in strength of control cylinders from the age of 56 
days to that of 1 year and 56 days was about 15 per cent with in- 
tervening air-storage and 30 per cent with moist-storage. The cor- 
responding increase in the modulus of elasticity was about 30 per cent 
for moist storage but there was no consistent change in the value for 
air-stored cylinders. 

6. The ratio of the strength of 814 by 60-in. plain columns to that 
of 6 by 12-in. cylinders was 86 per cent for l-year air-storage and 71 
per cent for a similar moist-storage period. This relative strength of 
concrete was apparently obtained also in the reinforced columns. 


SERIES 5—TESTS OF LARGE COLUMNS 


12. Outline of Series—Of the total number of 573 columns originally 
scheduled in the investigation, all but 38 were 8 inches in diameter and 
5 feet high. To determine whether any effect of scale exists between 
these small test columns and columns of the size used in building con- 
struction, two groups of larger test columns were made, as Series 5 and 
6. In Series 5, a group of 20 columns of 12, 20 and 28-in. core diameters 
(with no shell outside the spiral) were included, all having a height 
equal to 71% times the core diameter. These columns were made with 
two grades of concrete, of designed strength of 2,000 and 3,500 lb. per 
sq. in. at 56 days, and had 1.5 or 4 per cent of vertical steel and 1 per 
cent of spiral steel, all of intermediate grade. 

The concrete materials were described in the progress report in the 
February, 1931, Journav. In the 2,000-lb. concrete, proportions by 
weight of about 1:4:5 were used, with a water-cement ratio of 1.40 
(except that in the 28-in. columns a water-cement ratio of 1.50 was 
used to keep the column strength well within the capacity of the testing 
machine). In the 3,500-lb. concrete, the proportions were 1:34 :4 and 
the water-cement ratio was 1.10. Details of the reinforcing steel used 
in the columns are given in Table 8. 

The columns were cast in standard metal column forms furnished 
by the Kalman Steel Co., Chicago. Fig. 19 shows views of the rein- 
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forcement assembly and the method of placing concrete in one of the 
large columns. Because of their size and weight these large columns 
could not be placed in the moist curing room, but were cured under 
wet burlap in the laboratory where they were cast. 

All of the columns of this series were tested in the 3,000,000-lb. 
Southwark-Emery testing machine. The machine is served by a 10-ton 
travelling crane and the columns (the largest weighing 8 tons) were 
placed in the machine with the crane and auxiliary hoists. Large 
spherical blocks were used at each end of a column, but were wedged 
to prevent rotation after an initial load had been applied. Fig. 20 
shows a view of a 28-in. column during the test. 

Strain measurements were taken on these columns as on the smaller 
ones, generally at three levels, near the top, middle, and bottom of the 
column. In some cases additional readings were taken at the quarter- 
points of the column height. 


13. Results of Tests of Series 5—The principal data of the tests are 
given in Table 9, and stress-strain curves for the columns are given in 
Fig. 21. The columns all failed very slowly, reaching the maximum 
load without any breakage of spirals. Since the strength of both the 
concrete and the reinforcing steel varied considerably in the columns 
of different sizes, it is not possible to compare the column strengths 
directly. Instead, the results have been analyzed in the manner used 
for other series of tests. Table 10 presents an analysis of test results, 
in which the portions of the column load taken by concrete and longi- 
tudinal steel are computed and the remainder is attributed to the 
effect of the spiral reinforcement. This method throws all errors of 
-assumptions as well as experimental inaccuracies into the portion 
credited to the spiral. In these large columns it was very difficult to 
secure even bearing of all vertical bars, and in very few cases was there 
the perfect bearing of all bars (flush with the concrete) obtained in the 
8-inch columns. Such lack of effectiveness of vertical steel due to this 
cause is not considered in Table 10, but it is without doubt the cause 
of the low effectiveness credited to the spirals in some columns of the 
group. 

Table 10 shows a relative effectiveness of spiral reinforcement (as 
compared to an equal amount of vertical reinforcement of like quality) 
of 2.34 for the columns of 2,000-lb. concrete, and 1.47 for those of 
3,500-lb. concrete, with a grand average for the Series of 1.99. This 
effectiveness factor agrees very well with the value of 2.07 found in the 
8-in. columns of Series 2, and since there seems to be no marked 
difference in strength of similar columns of 8, 12, 20 and 28-in. core 
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diameters, it may be concluded that there is no decided ‘“‘scale”’ effect 
and that the results found with 8-inch columns apply very well to the 
larger columns. There is, if anything, an excess of strength in the 28-in. 
columns, as indicated by the high effectiveness of spiral reinforcement, 
but this deviation from the above conclusion is at least on the side of 
safety. 


14. Summary for Series 5—The brief discussion above leads to the 
following conclusions: 

1. The comparison of the results of tests on columns 8, 12, 20 and 
28-in. in core diameter cannot be made directly in terms of unit load 
because of the variations in quality of concrete, and of vertical and 
spiral steel. In the analysis of Table 10, these factors were eliminated 
as well as our knowledge of these variables permits. 


2. The effectiveness of the spiral reinforcement was rather variable 
in the large columns, and this was apparently due to less perfect 
workmanship in these columns than in the 8-in. columns. However, 
the effectiveness factor for the spiral averaged 1.99 as compared with 
a value of 2.07 for fifty 8-in. columns of Series 2, having a similar grade 
of spiral steel. 


3. In these columns having the same ratio of height to diameter, 
there seems to be no consistent variation in strength with size of 
column. It appears reasonable to conclude that columns of the larger 
sizes tested follow the general laws determined from tests of columns 
of 8 in. diameter. 


SERIES 6—TESTS OF LARGE COLUMNS WITH PROTECTIVE SHELLS 


15. Outline and Description of Series—The columns in this series 
were the only ones in the investigation in which a protective shell of 
concrete was used outside the reinforcing spirals. In this series, the 
effect of a 2-in. shell was studied. The series consisted of 14 columns, 
having core diameters of 8, 12, 20 and 28 inches. In the latter three 
sizes, these columns correspond to the columns of Series 5, except that 
only the columns with 4 per cent vertical reinforcement are included 
in this series. The making and testing of the columns was practically 
identical with that of the columns of Series 5. Fig. 22 shows a view of 
one of the 32-in. columns during test, and Fig. 23 to 25 show views of 
several of the large columns after failure, including some of the columns 
of Series 5. It will be noted from these figures that at failure a con- 
siderable portion of the outer shell had spalled off and that failure 
occurred at this reduced section. The tests substantiate the oft-re- 
peated statement that where a protective shell is used on a spirally 
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reinforced test column, such shell will have been cracked loose before 
the spiral reinforcement is brought into play. 


16. Results of Tests of Series 6—The results of the tests are given in 
Table 11, and stress-strain curves for the columns are given in Fig. 26. 
The columns of 20 and 28 in. core diameter do not differ greatly in 
strength from the corresponding columns of Series 5, without shells, 
but for the smaller columns the outer shell added greatly to the 
strength. A little calculation shows that the concrete shell of the 8 
and 12-in. columns should furnish more strength than the one per cent 
of intermediate grade spiral reinforcement used; this is also true of the 
columns with 20 in. core, made with 3,500-lb. concrete. In these smaller 
columns, there was naturally little stress in the spiral steel until the 
concrete shell began to fail, and the spalling of the shell precipitated 
failure, since the loss of the shell destroyed more carrying capacity 
than the spiral reinforcement was able to supply. Consequently, the 
maximum load was reached when spalling started; thereafter the load 
gradually decreased as the column was compressed until the maximum 
resistance of the spiral was developed, when the load held nearly 
constant for some time with further shortening of the column. The 
column finally failed at a load comparable with that for a column 
without a protective shell. No breakage of spiral occurred until after 
this secondary ‘‘maximum”’ load had been passed. 


In the 20 and 28-in. columns, the spalling of the shell caused a 
temporary decrease in the load indicated by the testing machine until 
further deformation of the column brought the spiral reinforcement 
into play. The further action of the column was similar to that of a 
column of Series 5. 


Fig. 27 shows the relative contribution to the column strength to be 
expected from 1 per cent of intermediate grade spiral reinforcement, 
and from a 2-in. shell of 2,000 or 3,500-lb. concrete, for columns of 
different diameters, assuming the shells to be fully effective up to their 
ultimate strength. On the same diagram are plotted points represent- 
ing test data of Series 6, showing the excess column strength over the 
amount attributed to vertical steel and concrete core. While it appears 
from these test data that the shells were not fully effective in some 
instances, the strength of all but the 28-in. columns was greater than 
that attributed to spiral reinforcement alone. In other words, the test 
results agree fairly well with the calculated values in that the shell area 
is shown to govern the maximum load on the 8 and 12-in. columns, the 
spiral strength governs in the case of 28-in. columns, while the 20-in. 
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columns are in the region where shell and spiral strengths are nearly 
equal. 

17. Summary—The foregoing discussion may be summarized as 
follows: 

1. The columns with protective shells were in general as strong as 
corresponding columns of Series 5, without shells. For the smaller 
columns, in which the strength of the shell was greater than the 
margin of strength produced by the spiral, the columns of Series 6 were 
considerably stronger than those of Series 5. 

2. The columns took load rapidly and the stress-strain curves are 
remarkably straight up to the point at which spalling of the concrete 
shell began. The shell was generally not fully effective as compared 
to the concrete strength indicated by the control cylinders but was at 
least 75 per cent effective in all but the 8-in. columns. In these, the 
large openings cut in the shell to provide strain gauge lines on the 
vertical steel undoubtedly reduced the effective shell area considerably 
and provided points of localized stress. 

3. In all cases the intermediate grade spiral reinforcement produced 
a gradual, quiet failure, although the spalling of large pieces of con- 
crete shell preceding failure was rather violent and made strain ob- 
servations difficult. 
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TABLE |—BFFECT OF SUSTAINED LOADS ON COLUMNS OF SERIES 3 


The series includes 108 reinforced columns (two of a kind) and 45 plain columns (two or more of a 
kind). The columns have 8 in. core diameter 84 in. overall diameter, and are 5 ft. long. Columns were 
cured for 56 days in moist room, then held under strain observation for 1 year, while subject to sustained 
design loads. At the end of this period, the columns were tested to failure in axial compression, except 
for a small group (marked +) which is reserved for a second year of sustained loading. Design loads 
based on A. C. P Joint Building Code formulas except for 4 columns (marked *) loaded according to 
1916 New York Code formula. All reinforcement of intermediate grade steel. Cylinder strengths and 
unit stresses are in pounds per square inch. 








| 
Columns Loaded 1 Year Columns Under No Load 
Year 
Con- | Design Cylinder Unit Stress 
crete | Percentage | Load Strength at End Cylinder Unit Stress 
Design of Rein- on , | of Year Strength at End 
Strength| forcement Column || -* - of Year 
Ib | Mw Year | | Se 1 - 
| Ver- Spi- | Days | 56 fe | Con- Mw Year Se 
tical ral | Days Steel crete Days 56 te Con- 
| Days Steel crete 
Laboratory Air Storage 
| | | 
2000 | 1.5 | 2 38,000 2220 | 21,200 | 430 2115 2330 4700 | 75 
| ££ bs 37,200 2375 | 11,400 300 2535 | 2750 2600 —55 
| # 4 ta 64,000 2245 | } 19,200 | 530 || 2280 | 1200 | —50O 
4 2 64,000 2520 | 2780 20,300 | 485 || 2740 | 3260 900 | 20 
|} 6 | 2 | 90,000 |} 2175 | 2080 22,600 475 2210 | 2410 500 | 15 
3500 | 1.5 | 0 | 47,200 || 3850 | 4495 | 22,400 | 600 
1.5 1.2 } 52,400 || 3405 t 25,400 650 ‘ 
15 | 2 | 62,400 || 3475 1 26,700 | 635 3770 t 4200 65 
/ 1.5 | 2 | 67,000* || 3555 t |} 30,800 | 865 | 
4 | O | 55,200 4110 4700 17,000 | 440 |) 4280 | 4400 1900 40 
4 | 1.2 | 79,000 |} 3700 | ¢ 22,200 | 715 || 3705 t 2200 | 0 
e | 79,000 || 4240 4855 | 20,600 | 780 || 3065 | 4560 800 5 
Se 4 @ 61,200 || 3975 4600 14,500 | 800 
6 : San 108,600 || 3620 3040 23,100 | S835 ’ 
Ss | BZ 108,600 3520 ! 23,500 &20 4125 | 1000 | 60 
6 2 75,200* 3545 | 15,000 | 640 
5000 1.5 2 59,400 5570) | 5530 | 23,200 | 830 5515 | 5685 | 6700 110 
4 0 | 72,000 5230 | 6410 21,600 | 600 5600 | 6390 | 3200 | 65 
4 1.2 06,000 || 5125 | t | 950 5215) + 1700 -70 
‘ 2 | 96,000 6105 | 6770 | 550 || S860 | 6555 3300 70 
6 | 2 130,400 5690 6175 1170 || 5435 | 6470 2100 —65 
Moist Storage 
2000 1 0 37,200 2040 30670 1,300 500 2485 3585 2800 5S 
‘ 1.2 64,000 2285 | 2710 11,800 835 2000 | 2780 3900 80 
H 2 64,000 2360 2000 0,300 040 2475 | 3030 3600 75 
3500 4 0 | 55,200 3605 4015 7,800 &20 3810 | 5080 4600 05 
4 1.2 | 79,000 3400 4180 11,500 1165 3400 4815 OO 10 
\ 2 79,000 S065 =| 4015 12,000 1145 3045 | 5130 1600 35 
5000 4 0 | 72,000 4685 | 6810 9,100 1120 $515 | S800 6000 125 
‘ 1.2 06,000 5310 6350 11,600 1510 53820 | 6530 2700 5S 


4 2 16,000 Ma5 TOOO 12,800 1465 5300 OS75 3300 70 
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TABLE 2——-MODULUS OF ELASTICITY OF CONCRETE 


Proceedings 





Data from 6 by 12-in. control cylinders, cured 55 days in moist room, then stored one year either in 


laboratory air or in moist room. 
were teated dry. 


control cylinders of Series 3, two or more per column 


Design 
Strength 
lb. per aq, in. 


2000 
3500 
5000 


2000 
46500 
5000 


Cylinders, | Year 


Cylinders, 56 Days Old 56 Daya Old 
Comp. | Ry | Comp K 
y j a) 
Strength, | Strength, 
moe | io | “~™ | = i000 
' Ib, per aq. in.| ’ ib, per aq 
Ib. per aq. in lb. per aq. in 


Laboratory Air Storage 





2200 2440 2005 2085 
8740 | 3800 4510 SO8O 
5AG0 420 6185 4170 


Moist Storage 





2200 2850 3020 } 4080 
8740 S800 | 4740 A820 
5460 4200 6580 5105 


| Ratio, 


ae. 


fe, 


All cylinders tested moist except those in one-year air storage, which 
Values for 56 days are from a random selection, those for 1 year 56 daya are for all 


Ratio, 
ky 
Ky 
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LOADING AND OBSERVATION 


STRENGTH OF COLUMNS OF SERIES 3, AFTER 1-YEAR SUSTAINED 
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Except for one value (marked *) for a single column, each value represents the test resulta from two 
Column section, 50.2 for spiral columns, 53.4 for tied columns. 


columna, 


fs 
Ib. per 
aq. in 


2000 


4500 


S000 


2000 


4500 





O00 








Nominal Design 


| 





Percentage of 
Reinforcement 


Vertical 





Spiral 


Sts 


ts be 


| Columns After 1-Year || Columns After 1-Year 
No Load 


1} 
| 
| 


Loading 


Ultimate Load, Pr | 


Ib 


Ib. per 
aq. in Ib 


Laboratory Air Storage 


252,000 
237,000 
331,500 
353,250 


225,600 
302,500 
403,500 
804,000 
368,100 


385,200 
360,700 
500,200 
400,700" 


| 





5,015 244,500 


4.435 245,500 
6,505 823,700 
7,030 | 855,700 
4,220 | 

5,060 | 300,800 
8,030 805,000 
5,000 

7,325 

7,005 304,000 
O.01s | 415,000 
0.050 485,500 
v.u40 505,500 


Moiat Storage 


222,000 
277,200 
$21,200 


261,700 
$34,000 
308,500 


451,500 
431,400 
483,000 


| 


4,155 190,800 
5,515 208,500 
6,300 $23,600 
4,805 || $02,000 
6,645 $27,000 
7,030 | $06,500 
6,575 | $15,000 
8,585 419,000 
0,010 482,200 


Ultimate Load, Pw 


i 


Ib. per 
aq. in 


4.805 
4,505 
6,440 


7,075 





5,080 
7,860 


| 
7,340 
7.705 
0,000 
10,060 

| 


Average 


3,570 | 
6,340 | 
6.440 


5.650) | 
6,506 
7.800 
5.805 
8,335 
v.505 


‘ 


Average 


CGirand Average Value of Ratio Pw/Pr 


Ratio 
Pw/Pr 


07 
O4 


Ol 


00 


Ss 


.00 
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TABLE 4—STRENGTH OF PLAIN CONCRETE COLUMNS 


All cured 56 days in moist room, followed by one year in air or moist storage. 


diameter, 5 ft. long. Two control cylinders per column. 





Ultimate Load 


Column Nominal P 
No. Strength P ~ 
Ib. per sq. in a A 

— Ib. | Ib. per sq. in 





Laboratory Air Storage 


Cylinder 
Strength 


fe 
| Ib. per sq. in. 














d 2000 130,000 2,430 
e 108,000 2,030 
f 125,400 2,350 
gz 132,500 2,480 
Average 
e 3500 178,000 3,330 
d 230,000 4,300 
e 220,000 4,120 
f | 166,000 3,110 
4 | 176,500 
Average 
a 5000 ,000 5,640 
b 257,000 4,830 
f 264,000 4,940 
z 275,000 5,160 
Average 
Moist Storage 
b 2000 94,500 1,770 
d 100,000 1,875 
e 100,500 1,885 
Z 110,000 2,065 
Average 
a 3500 133,000 2,500 
b 156,000 2,925 
d 179,400 3,360 
e 175,000 3,280 
Average 
a 5000 275,000 5,150 
225,000 4,220 
d 260,000 4,875 
€ 280,000 5,280 
Average 


Columns 8% in. 
4 


Ratio 
ol 





~I 
io | 


1B 


| sa | 
bale 


22/2) e°e° 
Q 


=) 
I> 
D on 




















TABLE 5—ANALYSIS OF RESULTS OF TESTS OF TIED COLUMNS, SERIES 3 
Columns tested after 56 days moist curing and 1 year of further storage with strain observations 


Two companion columns of each type. 


Two control cylinders per column 


sq. in. Concrete area, Ae = Gross area — stcel area 





Gross column area, 53.4 


































































































Nominal Design | Load Distribution Cylinder 
Col. |—-——-—,—_—— Loading | - —— —_—_—____—_—_——| Strength! Ratio 
No. Sie | % Vert.| Before | Column (On Vertical On Concrete f'e | fe 
| lb. per Rein- Test Strength Steelat |———— —,————_| lb. per | 
sq. in. force- lb. Yield Point Acfe fclb. per| sq. in fe 
Bes |_ment_ : a 2S See ee 6 tS ee e es 
ee es ot: . Air Storage vi ei Bim 
a 2000 4 l-year 219,000 2860 
b load 255,000 3090 
AV. 237,000 106,800 130,200 2540 2975 0.89 
a 2000 4 No 253,000 2650 
5 | load 238,000 2850 
Av. 245,500 106,800 138,700 2700 2750 0.94 
a 3500 1.5 l-year 224,500 4700 
b load 226,600 4150 
Av. 225,600 35,800 189,800 3630 4425 0.82 
a 3500 4 l-year 285,000 
b load 320,000 
Av 302,500 106,800 195,700 3810 
a 3500 4 No 293,000 
b load 308,500 
Av 300,800 106,800 194,000 3780 
a 3500 6 l-year 317,000 4215 
b load 291,000 4985 
Av. | 304,000 | 135,100 | 168,900 | 3360 4600 | 0.73 
a 5000 4 l-year 352,500 5870 
b load 387,000 6950 
Av 369,75 106,800 263,000 5130 6410 0.80 
a 5000 4 No 410,000 6245 
b load 420,000 6530 
Av 415,000 106,800 | 308,200 | 6000 6390 0.94 
Le Grand Average | 0.85 
ie Moist Storage 
a 2000 4 l-year 220,000 3760 
b load 224,000 3575 
Av 222,000 106,800 115,200 2250 570 0.61 
a 2000 4 No 188,600 3740 
b load 193,000 3430 
Av 190,800 106,800 84,000 1640 3585 0.46 
a 3500 4 l-year 273,500 4350 
b load 250,000 5480 
Av. 261,700 | 106,800 | 154,900 | 3030 4915 | 0.62 
a | 3500 | 4 No | 265,000 4910 
b | ‘load 339,000 5250 
Av | 302, 106,800 | 195,200 | 3800 5080 0.75 
a 5000 4 l-year | 365,000 7045 
b loa 338,000 6575 
Av | 351,000 | 106,800 | 244,700 | 4780 6810 | 0.70 
a | 5000 4 No | 330,000 5910 
b | load | 300,000 | 5685 
Av. 315,000 106,800 208,200 4070 5800 0.70 
— ae ee ore Grand Average 0.64 














| 
| 
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TABLE 6—ANALYSIS OF RESULTS OF TESTS OF SPIRALLY REINFORCED COLUMNS, SERIES 3 


Columns tested after 56 days moist curing and 1 year of further storage. with strain observations 
type. Two control cylinders per column. Net area of column core, 
e 


Two companion columns of each 


A, 50.26 sq. in. Notation used: 
portion on the vertical steel at the yield point, pfs, that on the concrete net section, Rf’e (1-p) and that 
attributed to the spiral, Kp'f’s. R = 0.85 for air storage and 0.70 for moist storage. 


column stre 


h ?/4, is assumed to be equal to the sum of the 












































































































































Nominal Design Columns After 1-Year Loading Columns After 1-Year, No Load 
Per Cent | | 
fe’ | Reinforce- || Total | Con- | Total | Con- 
Col. | Ib. ment P Ver- | crete |Spiral | Coef. || P | Ver- | crete | Spiral | Coef. 
No. | per — | tical | Rfe’ | kp’f.’ | K for -- tical | Rfe’ | kp’fs’ | K for 
sq. | Ver- A Pie | (1-p) Spiral A | phe | (1-p) Spiral 
in. | tical |Spiral | | | | 
| | 
Laboratory Air Storage 
a | 2000 }1.5| 2 || 497s | | 2040 | | 4775 1890 
b | 5055 | | 2150 | 4955 2010 
Av. | 5015 | 715 | 2095 | 2205 | 2.29 || 4865 | 715 | 1950 | 2200 | 2.28 
a | 2000; 4 | 2 || 6170 | rn 6685 ra 
b 7025 | 2270 6200 2660 
Av. 6595 | 2140 2270 | 2185 | 2.27 6440 | 2140 | 2660 | 1640 70 
a | 2000 | 6 2 || 6955 | 2100 7060 1985 
b 7105 | 2090 7090 1885 
Av. 7030 | 2690 | 2095 | 2245 | 2.33 7075 | 2690 | 1935 | 2450 .54 
a 3500 4 2 7980 4210 7920 3705 
b 8080 3710 7800 3735 
Av. 8030 | 2140 | 3960 | 1930 | 2.00 7860 | 2140 | 3720 | 2000 .07 
a | 3500| 6 | 1.2 || 7405 | 3250 
b 7240 3050 
Av. 7325 | 2690 | 3150 | 1485 | 2.42 
a 5000 | 1.5 2 7985 4530 7600 4795 
b 7340 4730 8080 4725 
Av. 7665 715 | 4630 | 2320 | 2.41 7840 715 | 4760 | 2365 .45 
a 5000 4 2 9710 5600 9570 5560 
b 10195 5460 9750 5140 
Av. 9950 | 2140 | 5530 | 2280 | 2.36 9660 | 2140 | 5350 | 2170 25 
a 5000 6 2 saan 4880 9970 5210 
b 9940 5000 10145 5150 
Av. 9940 | 2690 | 4940 | 2310 | 2.40 |/10060 | 2690 | 5180 2190 27 
Moist Storage 
a 2000 4 1.2 5530 1740 5360 1850 
b 5500 1900 5320 1890 
Av. 5515 | 2140 | 1820 | 1555 | 2.54 5340 | 2140 | 1870 | 1330 mY 
a 2000 4 2 6405 1990 6630 2040 
b 6375 nam 6250 Pa 
Av. 6390 | 2140 | 1990 | 2260 | 2.34 6440 | 2140 | 2040 | 2260 .34 
a 3500 4 1.2 6765 2680 6565 3290 
b 6525 2940 6445 3190 
Av. 6645 | 2140 | 2810 | 1695 | 2.76 6505 | 2140 | 3240 | 1125 . 84 
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TABLE 6—ANALYSIS OF RESULTS OF TESTS OF SPIRALLY REINFORCED COLUMNS, 
SERIES 3—CONTINUED 



















































































|| 
Nominal Design Columns After 1-Year Loading | Columns After 1-Year, No Load 
aes " | 
Per Cent | | \ 
fe’ Reinforce- || Total Con- | Te Total Con- 
Col. | lb. ment P Ver- | crete | Spiral | Coef. || Ver- | crete | Spiral | Coef. 
No per a tical | Rfe’ | kp’fe’ | K for || — tical | Rfe’ | kp’fs’ | K for 
| sq Ver- A Pie | (l-p) | Spiral || A Phe | (1-p) Spiral 
| in. | tical |Spiral \| 
iI | 
a | 3500 4 2 || 7880 3190 | | 7920 3430 
b | | 7980 3430 | | 7860 3470 
Av. | 7930 | 2140 | 3310 | 2480 | 2.57 7890 | 2140 | 3450 | 2300 | 2.39 
a | 5000 4 1.2 8725 | 4360 | 8215 4290 
b | 8440 4440 8455 4510 
Av. | 8585 | 2140 | 4400 | 2045 | 3.33 8335 | 2140 | 4400 | 1795 | 2.92 
a 5000 4 2 9430 4750 9690 4680 
9790 4770 9500 4550 
Av. 9610 | 2140 | 4760 | 2710 | 3.07 9595 | 2140 | 4615 | 2840 | 2.95 
| 
Average value of k, AIR STORAGE, Zo spiral, 2.42; 2% spiral, 2.26. 
Average value of k, MOIST STORAGE. ? 2% spiral, 2. 59; 2% spiral, 2.57, and average value of k 


for 53 columns, 2.45. 


TABLE 7—FACTORS OF SAFETY OF TEST COLUMNS 


Based upon ultimate test loads on columns, and upon working loads calculated from A. C. I. column 
formulas and control cylinder strengths. Three values of factor of safety are given: (1) Based upon 
nominal concrete strengths, (2) based on 56-day concrete es ge and (3) based on 1 year 56 day 
concrete strengths. Columns were tested when 1 year 56 days old 






























































Design 
Column Design Maximum} Nominal Design Load 
Column | Design Factor Load, Factor | 1 Year | Factor 
Percentage Load, Load, of Safety | 56-Day jof Safety| 56-Day |jof Safety 
fe’ lb. lb. (1) Test, (2) Test, (3) 
Vertical | Spiral lb. lb. 
Laboratory Air Storage 
2000 1.5 2 248250 38000 6.54 39700 6.26 41700 5.96 
4 0 241250 37200 6.50 41800 5.78 48600 4.97 
4 2 327600 64000 5.12 68700 4.77 71400 4.60 
6 2 354500 90000 3.94 92500 3.83 96500 3.68 
3500 1.5 0 225600 47200 4.78 51200 4.40 58600 3.85 
4 0 301650 55200 5.46 62000 4.87 68500 4.40 
4 2 399250 79000 5.05 88000 + 95000 4.20 
6 0 304000 61200 4.97 66500 4.57 73400 4.14 
6 ek 368100 108600 3.39 109200 3.37 114000 | 3.23 
5000 1.5 2 389600 59400 6.56 64800 6.00 64500 | 6.02 
4 0 392350 72000 5.45 75000 5.23 4.45 
4 2 492850 96000 5.13 109000 4.52 117000 4.21 
2 502600 130400 3.85 140300 3.58 147300 | 3.41 
Moist Storage 
2000 4 0 206400 37200 5.55 44900 4.60 3.65 
4 1.2 272850 64000 4.26 66600 4.10 70700 3.86 
4 2 322400 64000 5.03 67300 4.79 7 4.39 
3500 4 0 281850 55200 5.10 56000 5.03 71100 3.96 
4 1.2 330500 79000 4.18 78200 4.23 86800 3.81 
| 4 2 397500 79000 5.03 84300 4.71 95600 4.16 
5000 4 0 333250 72000 4.63 68400 4 93000 3.57 
4 1.2 425200 96000 4.43 100000 4.25 112700 3.78 
4 2 482600 96000 5.02 101500 4.75 121200 3.98 
Se = Se ee me — 
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TABLE 8S—DETAILS OF REINFORCEMENT USED IN SERIES 5 AND 6 


Nominal sizes of reinforcement are used in all calculations. Percentages of reinforcement based on 
core diameter, out to out, of spiral. 























Longitudinal Bars Spirals 
Core | Columa |——_——_—_—____—__ ——__ — —|\— - —-~ - 
Dia- Height | Yield | | Useful 
meter ft.-in. Per Point Size Pitch Per Limit* 
in. No. and Size Cent lb. per in. in. Cent lb. per 
| sq. in. || sq. in. 
8 50 | 4—%-in.round | 1.57 | 45,600 .207 1.35 1.24 | 49,400 
| §8—-in. square | 3.98 | 53,400 
| 8 te) aS ee, See 
12 7-6 | 4—%-in. round 1.56 | 51,100 \%4 1.60 1.00 48,200 
| 8—%-in. round 4.25 | 41,700 
20 12-6 | 8—76-in. round 1.53 | 41,700 Xs 1.51 1.00 44,500 
16—1-in. round | 4.00 | 50,400 
28 17-6 12—1-in. round | 1.53 | 50,400 || % 1.56 1.00 | 41,300 
16—1-in. square 3.28 45,300 
! 








*Stress at a unit elongation of test coupon of 0.005. 


TABLE 9—RESULTS OF TESTS OF SERIES 5 


No concrete shell outside spirals. 

Columns cured under wet burlap. Tested, August to October, 1930, at age of 56 days. 

Three 6 by 12-in. control cylinders per column. 

Column lengths are 744 core diameters. Tests made in 3 million-lb. Southwork-Emery testing 
machine. All reinforcement of intermediate grade. 





| Diameter Percentage of Unit Cylinder 
Column | 0O.to0. | Length Reinforcement Maximum Load Strength 
Oo. |} Spiral | ft., in. $$$ , -__—_——- Load lb. per Ib. per 
| in Spiral Vertical Ib. } sq. in sq. in 


| 








2000-Ib. Concrete 

















= 
a 12 7 ft. 6 in. 1.0 1.56 440000 3890 2740 
b } 12 7 ft. 6 in. 1.0 1.56 418000 3700 2220 
| 3795 2480 
a 12 7 ft. 6 in. 1.0 4.25 546500 4820 27 
b 12 7 ft. 6 in. 1.0 4.25 563000 4980 2810 
4900 2755 
a 20 | 12 ft. 6 in. 1.0 1.53 1215000 3875 2390 
b 20 | 12 ft. 6 in. 1.0 1.53 1148000 3660 2220 
3770 2305 
a 20 12 ft. 6 in. 1.0 4.00 1524000 4850 2640 
b 20 12 ft. 6 in. 1.0 4.00 1340000 4275 1960 
4560 2300 
a | 28 17 ft. 6 in. 1.0 1.53 2285000 3715 2230 
b 2 17 ft. 6 in. 1.0 1.53 2150000 3500 1820 
3610 2025 
a 2% | 17 ft. 6 in. 1.0 3.28 | 2560000 4170 1640 
b 28 17 ft.6in. | 1.0 3.28 2526000 4120 1980 


4145 1810 























Column 
VO... 


a 
b 


ce 


a 


b 


All reinforcement of intermediate grade 
average of 2 column tests. 


Column 
Jia- 
meter 


Per 


Diameter 
0. to 0 
Spiral 
in 


Cent 


_ 


Pp 


290 
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TABLE 9—RESULTS OF TESTS OF SERIES 5.—CONTINUED 
Percentage of Unit Cylinder 
Length Reinforcement Mazimum Load Strength 
ft., in. ~—-—-——- ——--—— Load lb. per b. per 
Spiral Vertical Ib sq. in sq. in 
3500-lb. Concrete 
7 ft. 6 in 1.56 450000 3980 3720 
7 ft. 6 in 1.{ 1.56 526000 4650 3490 
$365 3605 
7 ft. 6in 1.0 4.25 580500 9120 3220 
7 ft. 6 in 1.0 4.25 627000 5530 3980 
5325 3600 
12 ft. 6 in. 1.0 1.53 1320000 4210 3800 
12 ft. 6 in 1.0 1.53 1395000 4450 3920 
4330 3860 
12 ft. 6 in. 1.0 4.00 1764000 9560 3060 
12 ft. 6 in. 1.0 4.00 1803000 5740 3690 
5650 3375 


TABLE 10—ANALYSIS OF RESULTS OF TESTS OF SERIES 5 


Reinforcement 


Vertical 


x 


51500 
41700 


41700 
50400 


50400 
45300 


51500 
41700 


41700 
50400 


Columns tested under fast loading. 


Distribution of Column Load 





Values given are 


b. per sq. in 
~ ---- Cylinder 
Spiral On Co- Strength 
—— - ~ Con- On On efficient | Ib. per 
Per Total crete Vertical Spiral k for sq. In. 
Cent ¥..7. P/A 85f'e PSs k'p fe Spiral Se 
p’ S's l-p 
2000-lb. Concrete 
1.00 | 42100 3795 2075 805 915 2.17 2480 
1.00 | 42100 4900 2240 1775 S85 2.10 2755 
1.00 | 44500 3770 1930 640 1200 2.70 2305 
1.00 44500 4560 1875 2015 1670 1.5 | 2300 
1.00 | 41300 3610 1695 770 1145 3.77 2025 
1.00 | 41300 4145 1495 1485 1165 2.82 1820 
Average 2.34 
3500-Ib. Concrete 
1.00 42100 4365 3015 805 545 1.29 3605 
1.00 42100 5325 23885 1775 665 1.58 3550 
1.00 44500 4330 3230 640 460 1.03 3860 
1.00 | 44500 5650 2755 2015 880 1.98 3375 
Average 1.47 
Weighted average for all columns of series 1.99 
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TABLE 11—RESULTS OF TESTS OF SERIES 6 


Two-inch protective shell outside spiral core. 


jumns 


Three 6 by 12-in. control cylinders per column. 


Column lengths are 7% 


core diameters. 


machine. All reinforcement of intermediate grade. 


cured under wet burlap. Tested September, October, 1930, at age of 56 days. 





Tests made in 3 million-lb. Southwark-Emery testing 

































































Diameter Percentage of lunit Load} Cylinder 
Column | Column | 0. to 0. Length Reinforcement Maximum} On Core | Strength 
No. Diameter | Spiral ft.-in. Load Ib. per lb. per 
in. in. Spiral Vertical lb. sq. in. sq. in. 
2000-lb. Concrete 

| 
a 12 & 5 ft. O in. 1.24 3.98 283000 | 5630 2320 
b 12 8 5 ft. Oin 1.24 3.98 284000 5650 2140 
| 5640 | 2230 
a 16 12 7 ft. 6 in. 1.0 4.25 584000 | 5160 | 2250 
b 16 12 7 ft. 6in 1.0 4.25 550000 4865 } 2190 
| 5010 | 2220 
a 24 20 12 ft. 6 in, 1.0 4.00 1575000 | 5010 | 1790 
b 24 20 12 ft. 6 in 1.0 4.00 1670000 | 5320 | 2090 
pacers sialon 
5165 1940 
a 32 28 17 ft. 6 in. 1.0 3.28 2515000 4080 2060 
b 32 28 17 ft. 6 in 1.0 3.28 2492000 4040 1540 
4060 1800 

| 

3500-lb. Concrete 

a 12 8 5 ft. O in. 1.24 3.98 358000 7110 3950 
b 12 8 5 ft. O in. 1.24 3.98 347000 6900 3710 
7005 3830 
& 16 12 7 ft. 61 1.0 4.25 693000 6130 3530 
b 16 12 7 ft. 61 1.0 4.25 667000 5900 3800 
6015 3665 
b 24 20 12 ft. 6 in. 1.0 4.00 1795000 5710 3810 
b 24 20 12 ft. 6 in. 1.0 4.00 1900000 6060 3315 
5885 3560 
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FourtH Progress Report ON COLUMN TEsts AT LEHIGH 


UNIVERSITY 
BY INGE LYSE* AND C. L. KREIDLERT 


SERIES 3. EFFECTS OF SUSTAINED WORKING LOADS ON REINFORCED 
CONCRETE COLUMNS 


1. Introduction—The series of tests reported herein is a part of the 
column investigation which was carried out at Lehigh University 
under the supervision of Prof. W. A. Slater, late chairman Com- 
mittee 105, Reinforced Concrete Column Investigation. All tests 
were completed, the data worked up and all the figures prepared 
before the death of Professor Slater on October 5. 

The major purpose of Series 3 was to study the behavior of rein- 
forced concrete columns under sustained working loads and to deter- 
mine the effect of such sustained loading on the deformations and 
strength when tested to failure. In the Second Progress Report from 
Lehigh University{ the results of this series, showing the deformations 
and load distribution in columns during the first 20 weeks under sus- 
tained loading, were presented. In this, the Fourth Progress Report 
from Lehigh University, the results are now presented, showing the 
behavior of the columns for 52 weeks under sustained loading together 
with the strength and deformations when tested to failure after this 
long period under load. 

A detailed discussion of the purpose and progress of Series 3 was 
presented in the Second Progress Report (Proceedings, American 
Concrete Institute, Vol. 27, 1931, p. 791). All references in this report 
to previous data, unless otherwise noted, are to this published report. 

The program referred to was followed except that 12 dry-stored 
columns were retained for further tests. These 12 columns had con- 
crete of a design strength of 3500 Ib. per sq. in., 1.2 and 2.0 per cent 
spiral reinforcement and 1% and 6 yer cent longitudinal reinforce- 
ment. Eight of the columns are sustaining working loads and four 
are companion columns not under load. The columns are to be sub- 


*Research Assistant Professor of Engineering Materials, Lehigh University, Bethlehem, Pennsylvania 

[Researet Fellow in Civil Engineering, Lehigh University, Bethlehem, Pennsylvania. 

Second Progress Report on Column Tests Made at Lehigh University, Journan, A.C. 1., Proceed- 
ings, Vol. 27, p. 791. Reprinted as Circular No, 64 of Lehigh Institute of Research. 
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jected to an additional 52 weeks of test. Table 1 indicates the columns 
held for further tests. 


2. Acknowledgment—Arthur R. Lord made a valuable contribution 
to the preparation of this report by having the data diagrams retraced 
and combined into fewer figures. C. C. Keyser, Laboratory Assistant 
of Fritz Engineering Laboratory, contributed liberally to the success 
of the tests by his assistance in securing accurate results. 

3. Data of Test—The data of test are given in Tables 1 to 4 and 
Figs. 1 to 31 inclusive. 


4. Properties of the Concrete at the Age of 60 Weeks—The description 
of the materials used, the data on the 8 weeks compressive strength 
of the concrete and the yield-point and the ultimate strength of the 
reinforcement are given in the second progress report from Lehigh 
University. 

The test data on the control cylinders at the age of 60 weeks are 
given in Table 1. A comparison with the data given in the second 
progress report shows that for dry-stored concrete cylinders the 
strengths at the age of 60 weeks were only slightly higher than the 
strengths at 8 weeks, indicating that 52 weeks of dry storage did not 
increase the strength of the concrete appreciably. However, for wet- 
stored cylinders the average strength at the age of 60 weeks was about 
14 per cent greater than the average strength at 8 weeks. 


The average stress-strain curves for the three strengths of concrete 
and the two methods of storage are given in Fig. 1. It is noted that 
the modulus of elasticity of the concrete increased with an increase 
in the strength of the concrete and was higher for wet-stored than for 
dry-stored cylinders. 


5. Method of Testing—The method of applying the working load 
and sustaining the load by means of springs are described in the 
second progress report from Lehigh University. At regular intervals 
during the period under sustained load the loads were adjusted so as 
to compensate for the decrease in load caused by the deformation of 
the columns and the permanent set in the loading springs. The 
average permanent set in the springs after 52 weeks under load was 
found to be about 4 per cent of the working load for the columns in 
dry storage and also 4 per cent for the columns in wet storage. 

When the columns had reached an age of 60 weeks and had sus- 
tained working loads for 52 weeks, the loads were released in regular 
steps and strain gage observations taken at each step. During the 
release of the load all dry-stored columns developed lateral cracks, 
but the wet-stored columns did not develop cracks. 
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After the working loads were released the columns were tested to 
failure (dry or wet, as stored) in accordance with the method for “‘fast”’ 
loading described in the first progress report from Lehigh University.' 


6. Relation between 52 and 20 Weeks Results for Flow and Shrinkage 
—Fig. 12 to 19 of this report are the same as Fig. 7 to 14 of the second 
progress report from Lehigh University, except that the duration of 
tests is extended to 52 weeks. It was pointed out in the second 
progress report that the rate of flow of the concrete in the columns 
was practically independent of the strength of the concrete and the 
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Fic. 1—STRESS-STRAIN DIAGRAM FOR CONCRETE CYLINDERS AT THE AGE 
OF 60 WEEKS 


initial stress. However, Fig. 12 and 13 indicate a slight increase in 
flow with increase in strength of the concrete. 


In the second progress report it was shown that the rate of flow 
was practically independent of the percentage of spiral reinforcement. 
Figs. 14 and 15 show that with an increase in time under load the 
columns with no spiral reinforcement showed slightly higher flow 
than did the columns with 1.2 or 2.0 per cent spiral. However, there 
is very little difference between the flow for columns having 1.2 and 
2.0 per cent spiral reinforcement. 





1JOuRNAL, A. C. I., Feb. 1931, Proceedings, Vol. 27, p. 677. 
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In the second progress report it was pointed out that the rate 
of flow was greatest for columns having the smallest percentage of 
longitudinal reinforcement and least for columns having the largest 
percentage. Fig. 16 shows that this is true at the end of the 52 weeks 
also. 

Fig. 17 gives a comparison between columns loaded according to 
the American Concrete Institute Building Code and the New York 
Building Code. If stress in the steel be taken as the criterion for the 
design of a reinforced column, the Institute code gave very nearly the 
correct working load, since after 52 weeks under sustained load the 
deformations of the columns having 1% and 6 per cent longitudinal 
reinforcement were nearly equal, although the initial stresses were not 
nearly equal. For columns loaded according to the New York code 
the deformation curves for columns having 14% and 6 per cent rein- 
forcement diverged as the time under load increased. If on the other 
hand the factor of safety* be taken as the criterion for design, the 
New York code gave nearly the correct working load since the factors 
of safety for the columns having 1% and 6 per cent of longitudinal 
reinforcement were nearly equal. The Institute code gave a reduc- 
tion in the factor of safety with an increase in the amount of longi- 
tudinal reinforcement as is shown in Fig. 31. 


Fig. 18 shows the shrinkage of dry-stored columns not under load 
of different strengths of concrete and different amounts of longitudinal 
reinforcement. As was pointed out in the second progress report for 
columns having the same percentage of longitudinal reinforcement, 
concrete of the highest strength had the greater shrinkage. For col- 
umns having concrete of the same strength, the higher the percentage 
of reinforcement the smaller was the shrinkage. It is noted that the 
shrinkage was a maximum when the columns had been stored in the 
air of the laboratory for approximately 20 weeks. This corresponds 
to the time during the winter months when the temperature and the 
humidity of the laboratory reached a minimum. 


Fig. 19 shows the increase of stress in the steel and the proportionate 
decrease of stress in the concrete during the 52 weeks the columns 
sustained a working load in dry storage. It is noted that the stresses 
in the steel for columns having 1% and 6 per cent longitudinal rein- 
forcement became nearly equal after about 28 weeks under sustained 
working load. After 52 weeks under working load the columns having 
concrete of design strengths of 2000 and 5000 lb. per sq. in. had stresses 
in steel of approximately 30,000 and 37,000 lb. per sq. in. respectively. 


*By “factor of safety” is meant the ratio between the strength and the design working load. 
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The rate of increase of stress in the steel was much greater for the 
columns having 11% per cent than for columns having 6 per cent longi- 
tudinal reinforcement, so that after 52 weeks under sustained load 
the stress in the concrete had become considerably less for columns 
having 6 per cent than for columns having 114 per cent reinforcement. 
It is noted that for the columns having 6 per cent longitudinal rein- 
forcement and a design strength of concrete of 2000 lb. per sq. in. 
there was no stress in the concrete after 52 weeks under sustained 
load. Apparently, at this time the longitudinal reinforcement carried 
all the working load. 


7. Cracking of Columns During Release of Working Load—During the 
release of the working load the dry-stored columns developed lateral 
cracks. For the columns having no spiral reinforcement cracks develop- 
ed at each tie-wire and were spaced about eight inches apart. For 
columns having both longitudinal and spiral reinforcement the spacing 
of the cracks was less uniform. It was thought at first that only the 
columns having 1% and 4 per cent longitudinal reinforcement 
developed cracks. However, when the data for columns having 6 per 
cent longitudinal reinforcement were plotted a sharp break in the 
unloading curve indicated that the concrete had cracked. Close 
inspection of the columns revealed small cracks. Thus every dry- 
stored column which had sustained a working load for 52 weeks de- 
veloped cracks during the release of the working load. Fig. 20 is 
reproduced from a photograph showing the location of the cracks 
(shown as dark lines) during the release of the working load for dry- 
stored columns having no spiral reinforcement. The two columns at 
the left of the figure had sustained a working load for 52 weeks and 
developed cracks during the release of the working load. The columns 
at the right were stored under no load for 52 weeks: The photograph 
was taken after all columns had been tested to failure. It is noted 
that the longitudinal steel buckled between the tie-wires when the 
columns having no spiral reinforcement were tested to failure. 





None of the wet-stored columns developed cracks during the release 
of the working load. None of the columns not under load in dry or 
wet storage for 52 weeks cracked during the storage period. 


8. Distribution of Load on the Column—Fig. 21 illustrates the com- 
puted distribution of the total load on the column between the steel 
and the concrete. The solid curve in Fig. 21 represents the total load 
on the column, AB represents the deformation during the application 
of the working load, BC the flow during the 52 weeks of sustained 
working load, CD. the deformation during the release of the working 
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load and DE the deformation during the testing to failure. The 
dot-and-dash curve represents the load attributed to the longi- 
tudinal reinforcement and the dotted curve the load attributed to the 
concrete. Since the modulus of elasticity of the steel was considered 
to be constant, the load attributed to the steel varied directly with 
the strain during the period under sustained working load and the 
load attributed to the concrete varied proportionately. 


The load attributed to the steel was equal to the product of the 
modulus of elasticity, the area and the observed strain of the longi- 
tudinal reinforcement, and the load attributed to the concrete was 
the difference between the total load on the column and the load 
attributed to the steel. It was assumed that the load attributed to 
the longitudinal steel varied directly with the strain until the yield- 
point strain was reached and then remained constant until the column 
failed. Thus, after the yield-point strength of the steel was reached 
all additional load was attributed to the concrete. Since at any 
given deformation the stress in the column equals substantially the 
summation of the equivalent stresses in the steel and the concrete, the 
stress-deformation curve for the column will have the same shape as 
that for the concrete. Therefore the stress-strain curves showed no 
definite yield-point for the reinforced concrete columns. 


Fig. 22 illustrates the stress-deformation relation for the concrete 
in a reinforced column. The sharp break in the curve at C during the 
release of the working load locates the point at which the concrete 
ruptured. The distance CD is a measure of the maximum width of 
the cracks in the concrete per unit length of column. During the 
testing of the column to failure the width of these cracks decreased 
but the cracks did not close completely as is indicated by “apparent 
crack width” in Fig. 22. 


9. Effect of Strength of Concrete on Load Carried by Concrete at a 
Given Deformation—In Fig. 23 the stress-deformation curves are given 
for columns having 4 per cent longitudinal reinforcement. The spiral 
reinforcement was 2.0 per cent in the bottom diagram, 1.2, per cent 
in the middle diagram and 0.0 per cent in the top diagram. Each 
individual curve represents one of the three strengths of concrete used. 
For the columns having no spiral reinforcement the curves for the 
three different strengths of concrete nearly coincide, indicating that 
the strength of the concrete had little effect upon the load carried by 
the concrete. For columns having 1.2 and 2.0 per cent spiral rein- 
forcement the curves representing the different strengths of concrete 
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do not coincide, indicating that the load carried by the concrete at a 
given deformation varied with the strength of the concrete. For 
concrete of the same strength the curves for the columns having 1.2 
per cent are similar to the curves for the columns having 2.0 per cent 
spiral reinforcement, indicating that the amount of spiral did not 
appreciably affect the load carried by the concrete in a reinforced 
column. 


10. Effect of Amount of Longitudinal Reinforcement on Load At- 
tributed to the Concrete at a Given Deformation—Fig. 24 shows the 
effect of the amount of longitudinal reinforcement on the load attribut- 
ed to the concrete at a given deformation for columns having 2.0 per 
cent spiral reinforcement. The diagrams show the deformation during 
the application of the working load, the 52 weeks under sustained 
working load in dry storage, the release of the working load and the 
subsequent testing to failure. The curves for columns having 1%, 
4, and 6 per cent longitudinal reinforcement are practically parallel 
during the release of the working load and the subsequent testing to 
failure, indicating that the load attributed to the concrete of design 
strengths of 2000 and 5000 lb. per sq. in. was not affected by the 
amount of longitudinal reinforcement. However, the width of the 
cracks developed in the concrete during the release of the working 
load was affected by the amount of longitudinal reinforcement. The 
columns having the greatest percentage of longitudinal reinforcement 
had the greatest maximum width of cracks per unit length of column 
after the working load was released. 


11. Effect of Amount of Spiral Reinforcement on Load Attributed to 
the Concrete at a Given Deformation—Fig. 25 shows the stress in con- 
crete as plotted against the strain for columns having 4 per cent 
longitudinal and 0.0, 1.2, and 2.0 per cent spiral reinforcement. 
The bottom, middle and top diagrams represent columns having 
design strengths of concrete of 2000, 3500 and 5000 |b. per sq. in. 
respectively. For columns having no spiral reinforcement the stress 
in the concrete at a given strain was less than the stress in the con- 
crete for columns having spirals. However, there was very little 
difference of stress in the concrete between columns having 1.2 and 2.0 
per cent spiral reinforcement for the three strengths of concrete used. 


The curves for columns having 0.0, 1.2, and 2.0 per cent spiral 
reinforcement are practically parallel for columns having the same 
strength of concrete. This parallelism indicates that the elastic 
properties of the concrete were not affected by the amount of spiral 
reinforcement. 
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12. Effect of Sustained Load on Deformation of Column—The defor- 
mation of the columns and the resulting stresses in the steel increased 
considerably during the 52 weeks under sustained load. For dry- 
stored columns loaded in accordance with the Institute code the 
stress in the steel increased from approximately 6,000 to 37,000 lb. 
per sq. in. for columns having 1% per cent longitudinal reinforce- 
ment and from approximately 16,000 to 30,000 lb. per sq. in. for 
columns having 6 per cent longitudinal reinforcement. 


Fig. 17 shows that for columns having 1) per cent longitudinal 
reinforcement and loaded in accordance with the New York code 
the stress in the steel increased from approximately 11,000 to a maxi- 
mum of approximately 48,000 Ib. per sq. in., or nearly to its yield- 
point stress of 49,500 lb. per sq. in. during the period under sustained 
load. This was the greatest increase of stress in the steel observed 
in this series of tests. 


The increase of stress in the steel was small for wet-stored columns 
subjected to loads for 52 weeks. Fig. 13 shows that the average 
stress in the steel increased from approximately 12,000 to approxi- 
mately 19,000 lb. per sq. in. during the 52 weeks in wet storage. 


13. Effect of Sustained Load on Strength of Column—The strengths 
of all the columns tested in Series 3 are given in Table 1. It is seen 
that the strengths of the columns subjected to working loads for 52 
weeks were nearly equal to the strength of the companion columns 
which had not been previously loaded. The strengths of both the 
wet and dry-stored columns subjected to working loads varied between 
112 and 95 per cent of the strengths of the companion columns. For 
columns having no spiral reinforcement and subjected to working 
loads for 52 weeks the average strength was 3.3 per cent greater than 
the strength of their companion columns. For the columns having 
1.2 and 2.0 per cent spiral reinforcement the average strength was 
0.3 per cent less and 1.2 per cent greater respectively, than the strenzth 
of their companion columns. The average strength for all the columns 
subjected to working loads for 52 weeks was 1.6 per cent greater than 
the strength of their companion columns. These tests indicate that 
sustaining a working load for 52 weeks in either dry or wet storage 
had no effect upon the strength of the column. 


14. Effect of Strength of Concrete on Strength of Column—Fig. 26 
shows the relation between the strength of the concrete and the strength 
of the columns for columns having 4 per cent longitudinal and 0.0, 
1.2 or 2.0 per cent spiral reinforcement. The solid and broken curves 
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represent the strengths of dry-stored and wet-stored columns respec- 
tively. It is noted that the strength of both the dry-stored and the 
wet-stored columns increased substantially in proportion to the 
increase in strength of the concrete control cylinders. The curves 
representing the different amounts of spiral reinforcement are prac- 
tically parallel, indicating that the amount of spiral reinforcement 
did not affect the strength added by an increase in strength of the 
concrete. The average strength added to the column by an increase 
in strength of the concrete as determined by the slope of these curves 
corresponds approximately to 75 per cent of the strength of the control 
cylinders times the area of the concrete in the column. Another 
method of determining the strength added to the column by the 
strength of the concrete is shown in Table 2. In this method the 
assumption is made that at the ultimate load the longitudinal rein- 
forcement carried a load equal to its total yield-point strength and the 
concrete carried the remainder of the ultimate load. The column- 
cylinder-strength ratio varied from 0.62 to 0.82. The average ratio 
for dry-stored columns is 0.74 and for wet-stored columns 0.69 with a 
grand average of 0.72 which checks the value taken from the curves. 
In computing the distribution of the ultimate load in Tables 3 and 4, 
the load attributed to the concrete equals 75 per cent of the strength 
of the control cylinders times the area of the concrete in the column. 


In Series 2 the column-cylinder-strength ratio as determined from 
tests of plain concrete specimens was 0.85. In Series 2, however, the 
tests were made on specimens cured wet and tested at the age of 56 
days. 


15. Effect of Amount of Longitudinal Reinforcement on the Strength 
of Column—Fig. 27 shows the effect of the amount of longitudinal 
reinforcement and Fig. 28 the effect of the total yield-point strength 
of the longitudinal reinforcement on the strength of the column. It 
is noted that the strength of the column varied directly with the 
amount of longitudinal reinforcement (6 per cent maximum) and that 
the rate of variation was nearly the same for the three different 
strengths of concrete used. 


Fig. 28 shows that the strength of the column increased directly 
with the increase in the total yield-point strength of the longitudinal 
steel. In this figure the reduction in area of the concrete with an 
increase in the amount of the longitudinal reinforcement has not been 
taken into account. For the purpose of comparison results from 
Series 2 are shown as dotted lines. It is noted that the results from 
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Series 2 and Series 3 give nearly identical relations for the effect of 
the yield-point strength of the longitudinal reinforcement on the 
strength of the columns. Since the straight lines for the columns 
having different strengths of concrete and different amounts of spiral 
reinforcement are parallel, the figure indicates that the longitudinal 
reinforcement contributed the same amount to the strength of the 
column regardless of the strength of the concrete and the amount of 
spiral reinforcement. The amount of strength added is nearly equal 
to the total yield-point strength of the longitudinal reinforcement. 

From Fig. 28 it is found that the straining of the longitudinal rein- 
forcement to nearly its yield-point strain before the column had been 
tested to failure had no effect on the strength contributed tothe column. 
Furthermore, the cracking of the columns during the release of the 
working load had no effect on the strength contributed to the column 
by the longitudinal reinforcement. 


16. Effect of Amount of Spiral Reinforcement on Strength of Column 
—In Fig. 29 the maximum loads on the columns have been plotted as 
ordinates and the percentages of spiral reinforcement as abscissas. 
The solid curves represent dry-stored columns and the dotted curves 
wet-stored columns, all having been subjected to working loads for 
52 weeks. The strength of the columns increased quite regularly 
with an increase in the percentages of spiral reinforcement. The 
slope of the curves indicates an average effectiveness ratio of the spiral 
reinforcement of 2.0* 

The effectiveness ratios for columns having 1.2 and 2.0 per cent 
spiral reinforcement are given in Tables 3 and 4, respectively. These 
ratios have been plotted in Fig. 30. With the assumptions used in 
computing the load carried by the spiralf it is noted that the effective- 
ness ratio is nearly the same for columns having different strengths of 
concrete and is greater for dry-stored than for wet-stored columns. 
For the dry-stored columns the average effectiveness ratio was 2.35 
and for wet-stored columns 1.67, with a grand average of 2.01 which 
agrees with the value obtained from the slope of the curves in Fig. 29. 

17. Factor of Safety—The factor of safety of the column is taken as 
the ratio between the ultimate strength and the design working stress. 
The factors thus computed are given in the last column of Table 
for all columns tested in Series 3 and they are plotted in Fig. 31. 
From the results it, is seen that columns loaded in accordance with the 
New York code give nearly a constant factor of safety, the factor 


*By “effectiveness ratio” is meant the ratio between the load attributed to the spiral and the total 
yield-point strength of an equivalent area (see Third Progress Report, Jounnar, A. C. L., November, 
1931, p. 166) of spiral reinforcement 


(Third Progress Report from Lehigh University, Journar A. C. I., November, 1931. 
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increases from 4.10 for 1% per cent longitudinal reinforcement to 
4.38 for 6 per cent. The results for columns loaded in accordance 
with the Institute code show a gradual decrease in the factor of safety 
with an increase in the amount of longitudinal reinforcement. For 
columns having 2 per cent spiral reinforcement the factor of safety 
decreases from 5.85 to 3.32 for columns having 1% per cent and 6 per 
cent longitudinal reinforcement respectively. The factor of safety is 
larger for columns having 2 per cent than for columns having 1.2 per 
cent and 0.0 per cent spiral reinforcement. 

Since the design working load computed according to the Institute 
code is the same regardless of the amount of spiral reinforcement, the 
factor of safety varies with the ultimate load. The ultimate load 
increases directly with the amount of spiral so that the factor of safety 
varies directly with the percentage of spiral reinforcement. 

17. Summary—(1) The strength of the concrete control cylinders 
did not increase appreciably during 52 weeks storage in the air of the 
laboratory but increased approximately 14 per cent during 52 weeks 
of storage in the moist room. 

(2) The modulus of elasticity of the concrete as measured on the 
control cylinders increased with increased strength of the concrete 
and was higher for wet-stored than for dry-stored cylinders. 

(3) The deformation due to flow of the column under sustained 
working load was slightly greater for columns having high strength 
than for columns having low strength of concrete. 

(4) The deformation due to flow of columns having no spiral rein- 
forcement was greater than that of columns having 1.2 or 2.0 per cent 
spiral. The deformation of columns having 1.2 and 2.0 per cent spiral 
reinforcement was approximately the same for columns having the 
same amount of longitudinal reinforcement. 

(5) The rate of flow was greatest for the smallest and least for the 
largest percentage of longitudinal reinforcement. 

(6) For dry-stored columns loaded in accordance with the A. C. I. 
code the stress in the steel for columns having 1% and 6 per cent 
longitudinal reinforcement became equal after about 28 weeks under 
sustained working loads. For dry-stored columns loaded in accordance 
with the New York code the stress in the steel became much larger 
for the columns having 11% per cent than for those having 6 per cent 
longitudinal reinforcement. 

(7) Columns having 1% and 6 per cent longitudinal reinforcement 
and loaded in accordance with the New York code had nearly the 
same ratio between ultimate strength and design working load. How- 
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ever, columns loaded in accordance with the A. C. I. code and having 
11% per cent longitudinal reinforcement had a considerably greater 
ratio than columns having 6 per cent longitudinal reinforcement. 

(8) For columns having the same percentage of longitudinal rein- 
forcement the concrete of the highest strength had the greatest 
shrinkage. 

(9) For columns having concrete of the same strength, those having 
the lowest percentage of longitudinal reinforcement had the greatest 
shrinkage. 

(10) The shrinkage of the dry-stored columns was a maximum 
during the winter months when the tefnperature and humidity 
reached a minimum. 

(11) The stress-strain curves for the columns are substantially 
equal to the summation of the stress-strain curves for the longitudinal 
reinforcement and for the concrete. 

(12) The stress-strain curve for any column showed no definite 
yield point. 

(13) None of the columns which were stored under no load in dry 
or wet storage cracked during the storage period. 

(14) All the dry-stored columns but none of those in wet storage 
developed cracks during the release of the sustained working load. 

(15) The stress in the steel of dry-stored columns subjected to 
A. C. I. working loads for 52 weeks increased from 6000 to 37,000 Ib. 
per sq. in. for columns having 1) per cent longitudinal reinforcement 
and from 16,000 to 30,000 lb. per sq. in. for columns having 6 per cent 
longitudinal reinforcement. For wet-stored columns the average 
stress in the steel increased from approximately 12,000 to approxi- 
mately 19,000 lb. per sq. in. 

(16) The strength of columns subjected to working loads for 52 
weeks averaged 1.6 per cent greater than the average strength of 
their companion columns which had not been previously loaded. 
Thus, the sustaining of a working load for a period of 52 weeks had 
no appreciable effect upon the strength of the column. 

(17) The strength of the columns having the same amounts of 
longitudinal and spiral reinforcement increased substantially in pro- 
portion to the increase in strength of the concrete control cylinders. 
This increase was about 75 per cent of the strength of the control 
cylinders regardless of the amount of longitudinal and spiral rein- 
forcement. 

(18) The strength of the columns having concrete of the same 
strength and the same amount of spiral reinforcement increased 
directly with an increase in the total yield-point strength of the longi- 
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tudinal reinforcement. The increase in strength of the columns was 
very nearly equal to the increase in the total yield-point strength 
(steel area times yield-point stress) of the longitudinal reinforcement. 

(19) The strength of the columns having concrete of the same 
strength and the same total yield-point strength of the longitudinal 
reinforcement increased regularly with the increase in spiral rein- 
forcement. 

(20) The effectiveness ratio of the spiral reinforcement was inde- 
pendent of the strength of the concrete. The average effectiveness 
ratio was 2.35 for dry-stored and 1.67 for wet-stored columns. 

(21) The ultimate strength of a concrete column having longi- 
tudinal but no spiral reipforeement may be considered equal to (a) 
75 per cent of the evlinder strength of the concrete times the net core 
area and (b) the total yield-point strength of the longitudinal rein- 
forcement. 

(22) The ultimate strength of a concrete column having both 
longitudinal and spiral reinforcement may be considered equal to 
(a) 75 per cent of the cylinder strength of the concrete times the net core 
area, (b) the total yield-point strength of the longitudinal reinforce- 
ment and (c) the total yield-point strength of the spiral reinforcement 
times its effectiveness ratio. 
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TABLE 1—SUMMARIZED TEST RESULTS FOR COLUMNS OF SERIES 3 





Reinforce- Cylinder Strength Strength 
ment for Columns Column Strength Lb Ratio 
Per Cent Method Lb. Per Sq. In. - _ ' —_—_- 
—————-| of Storage Sustaining Not Sustaining 

| | Sustaining Not Load Loaded Load to 
Long. Spiral | Load | Loaded Not Loaded 





Design Strength of Concrete, 2000 Ib. per sq. in. 





























Factor* 
of Safety 


Co Com Co Go to tt 


me 


1412 | =Dry 2320 2130 | 226,500 221,500 1.023 
4 0 | Dry 2250 2230 173,000 169,000 1.024 
4 Sct Ce: | Bae 2360 181,000 161,000 1.124 
4 a Dry | 2230 2320 229,500 235,500 975 
4 1.2 Wet | 2550 2500 221,000 1.032 
4 2 Dry 2320 | 2340 256,000 1.061 
4 2 Wet 2670 2670 247,500 1.018 
6 2 Dry 2110 2190 310,000 1.010 
ees 
SS es ae SSeee $ , Av. 1.033 
Design Strength of Concrete, 3500 lb. per sq. in. 
144 | 0 Dry | 3630 re ie ° = ee ie PT RE 
1%} 1.2 Dry | Held for |further tests 
1% | 2.0 | Dry Held for |further tests 
4 Ss | Dry 3500 3600 234,500 1.071 
4 > + Was 4100 | 4190 234,000 985 
4 eS Dry | 3740 | 3560 282,500 986 
4 1.2 Wet | 3890 | 4110 283,000 1.016 
4 2.0 Dry | $3700 | 3560 304,000 944 
4 2.0 Wet } 3910 3990 307 ,000 313,000 981 
6 0 Dry } 3410 | ae 255,500 5 ee % 
6 1.2 Dry Held for |further tests 
6 2.0 Dry Held for |further tests 
a EG a wal cam): as vee ple, wheats Av. .997 
Design Strength of Concrete, 5000 lb. per sq. in. 
1% | 2.0 Dry 5640 | 5600 351,000. | 304,500 ~ 990 
4 0 Dry 5420 | 5680 294,500 289,000 1.019 
4 0 Wet 5790 | 6000 300,500 278,000 1.081 
4 1.2 Dry | 5680 5600 360,000 349,000 1.030 
4 1.2 Wet | 6400 | 6390 357,000 347,000 1.029 
4 2.0 Dry | 5640 | 5690 388,000 379,000 1.024 
4 2.0 Wet 5940 | 6120 371,000 387,000 .959 
6 | 2.0 Dry 5090 | 5140 409,500 424,000 | 966 
a (Sit Sree) Gas re ee 
Under New York Loading 
1% | 2.0 Dry 3680 eeee | 276,500 l 
6 2.0 Dry 3500 360,500 | 











*By Factor of Safety is meant the ratio between ultimate strength and design working stress. 
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TABLE 2—COMPUTED DISTRIBUTION OF ULTIMATE LOAD OF COLUMNS HAVING NO 
SPIRAL REINFORCEMENT 


Total | Load Assumed 
Long.| Yield-Point Ultimate Assumed Area of | Strength Strength | Column- 
Method Rein-| Strength of | Load of Carried Concrete| of Con- of Cylinder- 
of force- Steel | Columns by In crete in Control Strength 
Storage ment | feAs | Concreté Columns} Column | Cylinders Ratio 
Per | Lb. Per Lb. Per 
Cent Lb. Lb Lb Sq. In Sq. In Sq. In 
Dry $ 86,000 | 173,000 87,000 1.5 1690 2250 0.75 
Dry t 86,000 169,000 83.000 51.5 1610 2230 72 
Wet i 86,000 181,000 95,000 51.5 1850 2480 75 
Wet 4 86,000 161,000 75,000 51.5 1460 360 62 
Dry lho 38,800 178,000 139,200 52.7 2640 | 3630 73 
Dry 4 $6,000 234,500 148,500 51.5 2880 3500 82 
Dry t 86,000 219,000 133,000 51.5 2580 3600 72 
Wet } 86,000 234,000 148,000 51.5 2880 4100 70 
Wet + 86,000 237,500 151,500 51.5 2940 4190 70 
Dry 6 133,000 255,500 122,500 50.5 2430 3410 71 
Dry 4 86,000 294,000 208,000 51.5 4040 5420 75 
Dry $ 86,000 289,000 203,000 51.5 3940 5680 69 
Wet 4 86,000 | 300,500 214,500 51.5 4160 5790 72 
Wet 1 86,000 | 278,000 192,000 51.5 3730 6000 62 


Column-Cylinder-Strength Ratio 


Design Strength | Method of Storage 
of Concrete | — -— 


—— Average 
Dry Wert 


2000 74 “Ho 72 
3500 70 7 73 
5000 72 67 70 
Average 74 Hg 72 


TABLE 3——COMPUTED DISTRIBUTION OF ULTIMATE LOAD OF COLUMNS HAVING 1.2 
PER CENT SPIRAL AND 4.0 PER CENT LONGITUDINAL REINFORCEMENT 


Concrete 








Strength Strength : 
of Equiva-| Strength of | Yield-Point Ultimate Load At- Effective- 
Control Method lent Concrete it Strength Load on tributed ness Ratio 
Cylinders of Area of Columns Ss Columns to Spiral . . - 
i". Storage | Spirals 75 f'c Ac, 75S'c A S Ss S K=S S_ 
Lb. per A's als fo A's 
Sq. In Sq. In Lb Lb Lb Lb 
2230 Dry 60 SO,SO00 166,800 229,500 62,700 2.43 
2320 Dry 60 84 000 170,000 235,500 65,500 2.54 
2550 Wet 60 92,400 178,400 228,000 49,600 1.92 
2500 Wet 60 90,500 176,500 221,000 44,500 1.7% 
3740 Dry 60 135,500 221,500 282,500 61,000 2.36 
3560 Dry 60 129,000 215,000 286,500 71,500 2.77 
3890 Wet 60 140,900 226 900 283,000 56,100 2.17 
4110 Wet 60 148,900 234,900 278,500 43,600 1.69 
5680 Dry 60 205,800 291,800 360,000 68,200 2.64 
5600 Dry 60 202,900 288,900 349,500 60,600 2.35 
6400 Wet 60 231,800 317,800 357 000 39,200 1.52 
6390 Wet 60 231,500 317,500 347 ,000 29,500 1.14 


Effectiveness Ratio of Spiral 


| Method of Storage 
Design Strength 


of Concrete Dry Wet 
2000 2.49 1.83 
3500 2.57 1.93 
5000 2.50 1.33 


Average 2.52 1.70 
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TABLE 4—COMPUTED DISTRIBUTION OF THE ULTIMATE LOAD OF COLUMNS 
2 PER CENT SPIRAL REINFORCEMENT 
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PROPERTIES AND PROBLEMS OF MASONRY CEMENTS* 


BY J. C. PEARSONT 


Masonry cements—which may be defined as those particularly 
adapted for the mortar used in laying brick, terra cotta, concrete 
blocks and tile, natural and cast stone—have properties that are in 
general characteristic of mixtures of portland cement and lime (2) (5).! 
As a rule they are more plastic thar? portland cements and develop 
more strength than limes. Since neither portland cement alone nor 
lime alone makes a good masonry cement for general use, and since 
there is no reason why other materials than cement-lime mixtures 
should not make good masonry cements, there has long existed an 
opportunity for manufacturers to produce masonry cements as a 
finished product, and to put them on the market in competition with 
natural, puzzolan and other cements largely used for this purpose. 
This opportunity has been widely recognized within the last few years, 
and there are today probably not less than 40 brands of masonry 
cement on the market in this country. 

The remarkably wide variety in these masonry cements, and their 
general acceptance without specification restrictions, have naturally 
given rise to the question of quality, particularly in view of the fact that 
some notable examples of modern masonry have proven defective, and 
have required early repair at great expense (5) (8). This question of 
quality, however, is even more indefinite in the case of masonry ce- 
ments than it is in portlands, for investigators realize that an evaluation 
of masonry cements, or even a comparative rating of a limited number, 
is inadequate when judged by the requirements of existing specifica- 
tions. 

The reason for this state of affairs is chiefly that there is no handy 
yard stick for measuring such important properties as plasticity, 
volume change, adhesion, etc., and partly that there is no agreement 
as to the relative importance of these characteristics in their contri- 
bution to a good masonry mortar. In the face of this situation it seems 


*For presentation and discussion at the 28th Annual Convention, Washington, D. C., March 1-4, 
1932. 


+Director of Research, Lehigh Portland Cement Co., Allentown, Pa. 
1Numbers in parenthesis refer to papers in the list of references at the end of this paper. 
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logical to establish first of all a list of the most important properties of 
a masonry cement or mortar, in order that investigative effort may be 
directed where it is most needed. In pondering upon this matter it 
occurred to the author that a tentative list of properties could best be 
set up by securing the opinions of those particularly interested in, and 
seriously concerned with, the behavior of these materials. Accordingly 
I wrote to a considerable number of individuals whom I considered 
most likely to have definite ideas on the subject, asking them to select 
from a rather long list of properties of masonry cements, those which 
they thought were most important from the point of view of service. 
I also asked them to list these properties in the order of their im- 
portance. Replies to these inquiries were sometimes qualified in such 
way that an arbitrary interpretation of the order was necessary, but 
by averaging the rank or position of each property in the several lists, 
the following composite was obtained: 

1. Plasticity or Workability. 

2. Volume Change. 

3. Weather Resistance or Durability. 

4. Bond Strength or Adhesion. 

5. Elasticity or Flexibility. 

6. Rate of Stiffening. 

7. Efflorescence. 

8. Impermeability. 

9. Strength (Tensile or Compressive). 

10. Staining, Fading, etc. 

A number of those who replied stated that in their opinion no fixed 
order of importance should be recognized as applying to all types of 
masonry work. This point of view must of course be accepted, but 
having before us the object of setting up much needed methods for 
testing masonry cements, and ultimately a general specification, we 
must recognize that certain properties are more or less essential to all 
classes of work, and should be entitled to first consideration. 

We may now consider the significance of some of these properties 
of masonry cements in their relation to performance, and the possibili- 
ties of setting up limitations for them. 


PLASTICITY AND WORKABILITY 


These terms are used more or less synonymously to designate a 
property of cements and cement mixtures, which is most important 
in the case of masonry cements. This property is difficult to define and 
measure, but it is the one which gives smoothness and easy spreading 
quality to pastes and mortars. I am inclined to think that many 
underrate the importance of plasticity from a lack of direct evidence 
that it has an influence on most of the other desirable properties. Its 
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most obvious effect is to lighten the mason’s burden in handling and 
placing his materials, and thus it contributes directly to better work- 
manship. Almost unquestionably it improves the bond or adhesion 
of mortar units, first by providing more complete contact, that is, over 
greater area of the surfaces in contact, and second, by permitting more 
intimate contact under shove and pressure. The rate of stiffening of a 
mortar in contact with absorptive units is probably governed more by 
the plasticity of the cement than by chemical action, in most instances. 
Plasticity also promotes impermeability, by the same mechanism that 
it improves adhesion. And finally, while many of us may doubt 
whether increased plasticity and lower shrinkage go together, it may 
possibly be shown that this is actually the case in good masonry work, 
wherein the greater “sand carrying capacity” of the more plastic 
cements warrants the use of somewhat leaner mixtures, and thus 
indirectly has a favorable effect on volume changes in the mortar. 

Up to this time measurement of the plasticity of cements* seems to 
have presented such insurmountable difficulties that few investigators 
have sueceeded in getting tangible results. Furthermore, a cement 
paste is a bad actor from the rheologist’s point of view, which is 
probably the reason why investigators in the cement field get more 
sympathy than help from those who specialize in the field of plastics. 
Therefore we are compelled to see what can be done by the method of 
trial and error, and we are quite happy when our crude experiments 
seem to point to something tangible and half-way promising. 

In our method of attack we have worked along the same general 
lines indicated by Bates and Dwyer in a paper before the Institute a 
few years ago (1). I will not go into details in regard to methods or 
results but show in Fig. 1 to 5 some of the devices we have used in our 
search for an index of plasticity. Most of our work has been done on 
mixtures of portland cement and hydrated finishing lime in the follow- 
ing proportions by weight: 


No. 1, 100 per cent cement, 0 per cent lime 

No. 2, 87.5 per cent cement, 12.5 per cent lime 

No. 3, 75 percent cement, 25 per cent lime 

No. 4, 62.5 per cent cement, 37.5 per cent lime 

No. 5, 50 per cent cement, 50 per cent lime 
We assumed that these mixtures would possess an increasing 
plasticity in the order given, and that they would probably cover the 
range to be found in the majority of masonry cements. With reference 
to the latter, however, | may say that we have found some masonry 


*Strictly speaking, one should use the expression “potential plasticity of cements,” because it is only 


the cement paste that possesses plasticity. The shorter expression is commonly used, and it is used 
throughout this discussion to avoid cumbersome repetition. 
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cements both above and below the range of these cement-lime mixtures 
in plasticity. Some of the ‘‘plasticity figures” (which have only rela- 
tive significance) obtained on these mixtures are given in Table 1. 


TABLE 1 RELATIVE PLASTICITY FIGURES BY DIFFERENT METHODS 


Time of filtration* for pastes 


; 
Cement | Vicat penetration for 60 | Plastometer flow for 75 gauged to same flow by 
No. p. c. flow on flow table p. c. flow on flow table Abrams’ device 
1 13.0 mm 79 ce 10.5 secs, 
2 15.7 125 13.1 
3 25.8 143 15.5 
4 32.4 157 20.2 
5 35.0 155 21.5 


*The author is indebted to L. A. Palmer for the arrangement of the apparatus shown in Fig. 5 for 
carrying out this test. 


From the foregoing table it is seen that these three methods establish 
roughly the same relative order of plasticity for the five cements, but 
that the relative change from one to another is not the same by different 
tests. However, these are merely exploratory tests, and more con- 
sistent results may be expected from greater refinement, and from 
averaging the results of a number of tests. Of the three methods the 
filtration test is the most indirect, as it is in effect a measure of ‘“‘water 
retaining capacity”’ against a definite suction. It is by far the simplest 
and easiest to perform of any of the methods attempted in our labora- 
tory, and for this reason needs to be further checked by independent 
methods to establish the dependability of its indications. 
VOLUME CHANGE 

It is obvious that volume changes occurring in masonry mortar at 
any time after units are laid must tend to have an adverse effect on the 
ultimate condition of the structure. Expansion effects are usually 
small, but shrinkage is more serious. Whether shrinkage before 
or after hardening is the more damaging is a debatable question. 
Palmer states (7): ‘It is believed that the shrinkage of mortars 
occurring during hardening would be less destructive in masonry than 
subsequent volume changes, even though the latter are much smaller in 
magnitude than the former.’’ On the other hand Anderegg (14) be- 
lieves “‘that the volume changes which occur while the mortar is 
still plastic and which contribute to the development of openings 
between the mortar and masonry units are the most important.” 
Without expressing an opinion on this controversial point, we must 
realize that the more or less rapid withdrawal of water from freshly 
laid mortar must result directly in reduction of volume of the mortar. 
In vertical joints it is inconceivable that the mortar can flow in 
from above or below and therefore openings of some sort must result. 
The damage actually done may depend upon just what form these 








354 JOURNAL OF THE AMERICAN CONCRETE INsTITUTE— Proceedings 


openings take, and without definite knowledge of this matter, it is 
probably safe to assume that both initial and subsequent shrinkage 
are detrimental. 

In the endeavor to determine volume changes in the laboratory, all 
sorts of conditions, entirely apart from the cements under test, have 
to be considered. Well-known investigators (4) (5) have declared 
that the shrinkage of cements or mortars in water-tight molds bears 
no definite relation to the shrinkage of the same mortars in masonry. 
If this is true, the laboratory job seems almost hopeless, but I am not 
yet convinced that we cannot determine the relative shrinkages of 
cement pastes under carefully controlled laboratory conditions, and 
then be justified in assuming that these relative shrinkages will be 
reflected in the masonry job, even though masked and apparently 
altered by unknown conditions. Palmer appears to hold this view (7), 
and the fact that volume changes in mortars are known to be greatly 
different when they are cast in absorptive and non-absorptive molds 
does not settle the question. 

There is much investigative work yet to be done on this difficult 
problem of volume changes, but it would be especially helpful if some- 
one would answer definitely the question raised in the foregoing para- 
graph, viz., whether the shrinkage of a paste or mortar cast in a 
water-tight mold is a function of the shrinkage of the same paste or 
mortar cast in an absorptive mold, under the same conditions of test 
in both cases. 

BOND OR ADHESION 


The value of high bond strength or adhesion in masonry mortars 
needs no particular discussion. ‘This property is a desirable one in 
every way, tending to prevent the formation of openings under shrink- 
age stresses and extraneous forces. 

Numerous tests for bond strength have been proposed and used in 
tension, shear and flexure (5) (6) (9) (11). Assuming that there is 
some relation between these various strengths of bond, the so-called 
3-brick test for bond in shear is a simple one to make in the laboratory, 
the main difficulty being in securing uniformity of the bricks to be 
tested. If the bricks have plain surfaces and are not too rough, the 
bond in shear may be expected to be roughly three or four times the 
bond in tension. 

Below are given some average values of bond tests by this method 
recently made in our laboratory—mainly to show how great a varia- 
tion is possible for different job operations. These tests were made in 
connection with certain tests of reinforced brickwork, the specimens 


being made by the workmen on the job. 
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Mortar Bond in Shear (p. s. i.) 
1 cement:2 sand 78 
1 cement:1 lime:6 sand 75 (dry hydrated lime) 
1 cement:1 lime:6 sand 160 (slaked lime putty) 
1 cement:1 lime:4 sand 180 (slaked lime putty) 
1 cement:2 sand 400 (bricks grouted) 
1 cement:1 lime:6 sand 148 (bricks grouted) 


WEATHER RESISTANCE AND DURABILITY 


Personally, I am inclined to the opinion that the importance of 
durability as a general property is overrated in the list on page 3, 
from the point of view that it is important mainly in pointing mortars 
and small-unit masonry exposed to severe weather conditions or 
ground waters. For pointing mortar and sub-grade work, the dura- 
bility and suitability of cement and cement-lime mixtures (up to 1:1 
proportions at least) have been demonstrated (6), and in general the 
use of other cements for these purposes and for severe exposures should 
be considered in the category of special uses, for which the suitability 
of a given cement can be judged by experience, or by special tests such 
as freezing and thawing of mortar specimens. Apparent lack of dura- 
bility may be much more dependent on poor workmanship, or some 
combination of undesirable plasticity or volume change characteristics, 
than on lack of durability in the mortar itself. It would seem sufficient 
to call attention to the importance of this property under certain 
special conditions. 

ELASTICITY OR FLEXIBILITY 

The usefulness of this property is indicated in relation to various 
stresses that may come upon masonry walls or structures such as 
wind pressures, differential volume changes, ete. The property is 
perhaps not sufficiently tangible or important to need immediate 
consideration of testing methods, but a knowledge of the elastic 
properties and extensibility of mortars in relation to bond strength 
and volume changes may be more significant than we are aware of 
now. We may look to the valuable researches now being conducted at 
the Bureau of Standards for more information on this subject. 


RATE OF STIFFENING 


This property is more directly related to conditions necessary for 
good workmanship than the traditional time-of-set requirements in 
the specifications. It is a property affected not only by rapid chemical 
action, which may cause flash set, too early set, or false or “hesitation” 
set, but also by rapid loss of moisture—a factor that may interfere 
seriously with good workmanship in laying highly absorptive masonry 
units. Ina ease of this kind, too rapid absorption should be overcome 
by wetting the units prior to laying, but since this is inconvenient, 
it may be neglected, to the detriment of the work. The cement itself 
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plays an important part under these circumstances, as a high water- 
retaining capacity decreases the rate of loss of moisture by suction, 
and consequently the rate of stiffening. As stated earlier in this 
discussion, water-retaining capacity is very closely related to plas- 
ticity, and therefore the more plastic cements are at a premium. The 
only exception to this statement that may be taken, so far as I am 
aware, is in connection with the laying of units having a very low 
rate of absorption. It is well known that dense face brick often give 
trouble from sliding and getting out of plumb when mortar is too soft. 
Such work requires a stiffer mortar, and perhaps a special cement of 
lower plasticity and quicker setting tendencies than is preferable for 
masonry of other types. 


EFFLORESCENCE 


Efflorescence is always objectionable in appearance. It is generally 
a symptom of a faulty condition, the neglect of which may frequently 
involve progressive and serious disintegration (3) (14). Its source is 
not necessarily in the cement, but the cement is very likely to be a 
factor. I should be inclined to place this tendency to efflorescence 
higher in the list (on page 350) as a property of masonry cements 
needing restrictions in a general specification. 

We know that soluble salts in mortar or masonry units are the poten- 
tial sources of efflorescence, and evidence that readily soluble salts 
are not present in any of the elements that enter into a high grade 
masonry job should be secured in advance. Practically all masonry 
cements, however, contain, or will develop after being mixed in mortar, 
calcium hydroxide, which under particularly adverse conditions may 
appear as an encrustation. Such conditions may arise from lack of 
proper protection of the work under construction, faulty flashing or 
drainage, permeable walls, inadequate protection against ground 
water, and even from driving storms. 

The best defense that can be set up, therefore, after tests of all 
materials have been made, is to prevent by every possible means the 
access of water. Design and workmanship are the most important 
factors. Admixtures of water-repellent materials to the cements are 
generally recommended (3) (11) (13). 


There is no standardized method of test for efflorescence, but the 
general scheme of making small mortar slabs or cylinders with Ottawa 
or other sand free from soluble materials, placing them upright in a 
small quantity of distilled water and exposing them in a warm, dry 
room, will usually indicate within 24 to 48 hours any appreciable 
amount of objectionable salts. The test is of course qualitative and 
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needs some development, but there should be no great difficulty in 
making it a simple and satisfactory test for the purpose. 
IMPERMEABILITY 

This property of mortars is generally regarded as of minor impor- 
tance, for the reason that leakage in masonry occurs mainly through 
crevices resulting from imperfect workmanship or shrinkage of the 
mortar joints from the adjacent units (3) (6) (7) (10) (11). Neverthe- 
less, a great deal of propaganda, even from disinterested sources, on 
the value of waterproofing materials, especially of the water-repellent 
type, suggests that such materials would find a special place in masonry 
cements. Tests of waterproofing materials reported before this 
Institute last year* indicate particularly that the virtue of stearates 
lies in their effect upon retarding and diminishing absorption rather 
than permeability and they are to be advocated for this reason. 

It is my opinion that tests for permeability of mortars made with 
cements of definite hydraulic properties, and meeting the moderate 
strength requirements of the present Government Specifications for 
masonry cements, should be unnecessary. On the other hand a special 
type of absorption test designed to indicate the rise of water by 
eapillarity through a mortar joint, as used by Palmer (3), might 
develop useful information. 

STAINING, FADING, ETC. 

Before discussing the strength of masonry cements we may refer 
briefly to this last item on the list. Information on the staining and 
fading characteristics of masonry cements is desirable, and each 
producer should know what to expect from his product. One associates 
staining particularly with Indiana limestone, and if a given cement is 
being considered for use with a stone containing organic material 
which may be set free by soluble alkalis, this becomes a most important 
property (2). Similarly, any marked tendency to affect a reduction 
of color values when colored mortars are used should be known and 
corrected whenever possible. These, however, are in the nature of 
special requirements and do not seem to warrant inclusion among the 
essential properties of a masonry cement for general use. 

STRENGTH 

This item refers particularly to tensile or compressive strength as 
distinct from bond strength, and the consensus of opinion is that 
strength in masonry cements is required in very moderate amount. 
The National Lime Association (10) gives data to show that the maxi- 


Tests of Integral and Surface Waterproofings for Concrete,"’ A. C. I. Journat, Dec., 1931; Pro- 
ceedin 78, Vol 2s, p. 273 
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mum probable load on the foundation of a masonry building will 
rarely exceed 60 p.s.i. A value of 250 p.s.i. therefore allows the usual 
factor of safety. It is conceivable, however, that a knowledge of 
tensile strength might be more valuable than compressive strength in 
its relation to shrinkage, bond strength, and elastic properties. There- 
fore both tensile and flexural strength of mortars should be studied in a 
general investigation of masonry mortars, and their relation to com- 
pressive strength and bond strength determined. 

There is a general (but nevertheless somewhat overconfident) belief 
that we know how to make strength tests of mortars, but the 1:3 
proportions by weight now specified for tests of masonry cement 
mortars do not seem entirely proper because of the very wide range in 
weights per unit volume of the cements. The proportions generally 
used on the job and in most of the investigative work (6) (7) (9) (11) 
(12) are by volume. However, the bulk volume basis is not satisfactory 





for testing purposes, because the weight per unit volume determination 





varies considerably depending on the method used, and there is no 
standard method. To avoid the bulking difficulty proportioning by 
paste volume has been suggested, but this involves the determination 
of how much water to use in the paste, and there is no standard 
method for this. There remains the absolute volume basis of propor 
tioning, which is complicated by the necessity of making fairly accurate 
specific gravity determinations in advance of the strength tests. 


Hoping to shed some light on this rather fundamental problem of 
how to test masonry cements for strength, we made mortar tests of 
the five cement-lime mixtures previously referred to under plasticity | 
tests, by each of the four methods of proportioning mentioned above | 
It is at once obvious that if fixed proportions, such as 1:3, were used in 
the four methods, the results would not be easily comparable — for 
instance, a 1:3 mixture by absolute volume would be much richer 
than a 1:3 mixture by bulk volume. Therefore, in order to bring the 
four sets of tests to as nearly the same level as possible, the proportions 
were so adjusted that the mortar made with cement No. 3, in the 
middle of the series, containing 75 per cent cement and 25 per cent 
lime by weight, was a 1:3 mixture by weight, and was identical in the 
four sets. Without going into unnecessary detail, the equivalent pro 
portions of this mortar by bulk volume, by paste volume* and by 
absolute volume were computed ag 1:1.82, 1:2.39, and 1:3.36, respec 
tively. Hach of the five cements was then made up into mortars 
of the same flow table consistency, these proportions being adhered 


*In thin case a preliminary test waa made to determine the volume of a paste gauged to a definits 
flow table consistency, One part of paste was then combined with 2.50 parta of aand by bulk volume 
an indicated, 
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to in the respective sets, and the same amount of sand used in all 
cases. 

The difference in proportions based on the four different methods 
of proportioning as given above for identically the same mix is very 
striking, but as stated, they are the proportions which bring the four 
sets of tests into closest agreement. ‘Two-inch cubes were made of 
each mixture and stored 28 days in the damp room. The 28-day 
compressive strengths were as shown in Table 2. 


TABLE 2 COMPRESSIVE STRENGTHS, P. 8. I 


Cement Weight Prop Bulk. Vol. Prop. Paste Vol. Prop Abs. Vol. Prop 
No | 1:3 1:1.82 1:2.39 1:3.36 
l 5840 7720 6900 5OCO 
2 5000 5910 5700 5030 
3 340 3440 3790 3660 
4 2460 2040 2120 2470 
5 1300 O80 1030 1350 


The values in the foregoing table are not as perfectly consistent as 
they might be-—for example, the strength of cement No. 1 under bulk 
volume appears somewhat too high to be in line with its neighbors, 
and the strengths for cement No. 3 should have been in closer agree- 
ment, as the mortars were identical in the four sets. However, the 
strengths obtained are perhaps sufficiently near the true values to 
indicate that: 

I—The greatest range in strengths, and therefore the greatest 
distinction between the cements, is shown in the bulk volume basis 
of proportioning. This is probably closest to the relative proportions 
used on the job, but in a richer mixture than would ordinarily be 
used. 

2-The paste volume porportions produce a somewhat smaller 
range in strengths than the bulk volume proportions, but still give 
strengths of the same order. 

3 The weight and absolute volume proportions give nearly identical 
strengths, both favoring the lighter and weaker cements, and penalizing 
the stronger, as compared with the bulk volume proportions. 

The best choice for testing purposes, all things considered, lies 
between weight proportions and bulk volume proportions. If there 
were « satisfactory and generally accepted method for determining 
the weight per unit volume of masonry cements, the bulk volume 
basis would probably give the better relative values, but until such 
a method is available, less uncertainty resides in the weight basis. In 
testing by this method, the leveling effeet should be borne in mind 
particularly in regard to the showing of the weaker cements 
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These comparisons also suggest that rather optimistic values are 
obtained by using proportions of 1:3 by weight—1:3.5 or even 1:4 
would be more nearly equivalent to the usual bulk volume proportions. 
The 1:3 proportions might be justified, however, as permitting a lower 
water-cement ratio, perhaps comparable with what the leaner mixture 
would have after some of the excess water had been removed by 
suction. 

In concluding the discussion it is proper to mention again that the 
problems in different types of masonry construction are not identical, 
and that these properties of masonry cements that have been listed 
must be assigned different weights according to the kind of units and 
the kind of structure. For example, the most serious problems in 
connection with masonry mortars are undoubtedly to be encountered 
in exposed brick walls, in which, on account of the relatively small 
size of the units, a large percentage of the total volume is made up of 
mortar. Watertightness of the walls is the one great problem 
composed, as we might say, of the individual problems of design, 
workmanship, volume change, adhesion, ete. In general these indi- 
vidual problems are more acute in brick masonry than in concrete 
masonry, partly because of the size of unit, and partly because the 
concrete units are more frequently used for interior walls, or are faced 
with other materials. On the other hand concrete masonry has troubles 
of its own, among which volume changes in the units themselves are 
the most serious. Investigations by the Portland Cement Association 
(12) emphasize the importance of low moisture content of units at the 
time of their erection, and suggest also the possibility of radical changes 
in manufacturing processes to insure greater volume constancy. 

In any kind of masonry construction, however, the type of cement 
is an important factor—more important than has been generally 
realized. Heretofore the ‘‘quality’’ of cements has been based mainly 
on strength, but in masonry cements there are numerous properties 
more important than strength to be considered. Further studies are 
certain to develop means of measuring these properties, and it is 
probable that sooner or later methods of rating the characteristics 
of any given cement will be established. Thereafter, when it is known 
just what is wanted of the cement, perhaps its “‘quality’’ can be esti- 


mated from a combination of ratings. This same point of view applies 
to portland cements as well, and we may eventually find the study of 
masonry cements an indirect aid to a better evaluation of portland 
cements. 
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THE STRUCTURAL PERFORMANCE OF CONCRETE 


Masonry WALLS* 


BY F. E. RICHARTT 


l. INTRODUCTION 


Ir 1s hard to realize that specifications as to materials, workmanship, 
and design of masonry walls, one of the oldest forms of building con- 
struction with which man is familiar, have been formulated only in 
comparatively recent years. Masonry walls of brick and stone have 
been built for centuries, and doubtless their construction has been 
subject in some cases to very exacting requirements, but it is safe to 
say that such standards of construction have been based upon observa- 
tions of the performance of walls in service rather than upon any 
rational analysis of the structural action involved. In line with modern 
structural practice, the action of masonry walls has recently received 
intensive study, particularly because of a desire to use new materials 
and designs in order to secure economy in construction. This is true 
of concrete masonry, for which the increasing field of use necessitates 
establishing new data regarding physical properties upon which speci- 
fications and standards of practice may be based. This paper presents 
data from a series of tests on walls, with an interpretation of their 
engineering significance. 

Masonry walls are of two general classes, bearing and non-bearing, 
depending upon whether or not they support vertical loads in addition 
to their own weight. They may also be classified, as regards exposure 
to weather, as exterior and interior walls. Walls subdividing a struc- 
ture for the particular purpose of restricting the spread of fire are 
known as fire-walls, and should naturally be exceptionally resistant, 
although all walls should possess a certain degree of fire resistance. 
The most severe structural requirements are usually made upon the 
exterior bearing wall. Its principal functions, from an engineering 
view-point, are: 

*For presentation and discussion at the 28th Annual Convention, Washington, D.C., Mar. 1-4 
+tResearch Professor of Engineering Materials, University of Illinois 
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1. To provide resistance against vertical loads, wind pressures, and 
other incidental forces to be met in the industrial or other occupancy 
of the building. 

2. To provide resistance to moisture and weathering so as to 
insure satisfactory living conditions and to maintain the permanence 
of the structure itself. 

3. To provide such resistance during a fire as to maintain the sta- 
bility of the structure and to protect its contents, thus safeguarding 
life and property. 

4. To furnish heat and sound insulation for the comfort of the 
occupants of the building. 

Other functions might be mentioned, but only those involving 
public safety, such as the first three above, should be subject to building 
code regulation. The question is well treated in the Recommended 
Minimum Requirements for Masonry Wall Construction prepared by 
the Hoover Building Code Committee in 1924. 


2. FACTORS GOVERNING STRUCTURAL DESIGN 


The applied vertical load would appear to be the factor of major 
importance in bearing wall design. Such load is usually assumed to 
be uniformly distributed, and it is good practice to insure such distri- 
bution where a hollow masonry wall supports a beam or slab by filling 
in the supporting course of units solidly with concrete to furnish a 
uniform reaction. Even in this case, some eccentricity of load may 
result from the deflection of the loaded beam or slab, thus requiring 
consideration in the design. 

Stability of masonry walls against wind pressure becomes important 
in the upper stories of a building. In the lower stories, the flexure of 
the wall across a horizontal mortar joint (the logical section for failure 
due to lateral bending) is combined with the vertical compressive 
stress, and since the latter is large as compared to the flexural fiber 
stress, the lateral stability of the wall is greatly increased. The critical 
section for flexure is, therefore, found in the top story. 

The foregoing paragraphs indicate that wall thickness is determined 
largely by consideration of applied vertical and lateral loads. Other 
factors may also have a bearing, such as the effect of openings, the 
effect of slenderness of wall and considerations of fire exposure. There 
is usually a concentration of load at beam supports and around window 
and other openings, and the wall thickness should be such as to satisfy 
working stress requirements. While data on slenderness of wall are 
scarce, it seems likely that the strength of a wall with a height 15 times 
the thickness is less than for one having a height 5 times the thickness. 
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The Hoover code committee limited the unsupported height (or width) 
of concrete masonry walls to 16 times the wall thickness for top 
stories and 18 times the wall thickness for other stories. While this 
was evidently done to limit the lateral flexure, it also places a limit 
on wall slenderness. As to fire resistance of walls, the same committee, 
while agreeing that during a fire the thicker walls reduced the hazard 
due to collapse of walls, falling timbers, ete., concluded that walls that 
met the requirements for strength and stability would also provide 
satisfactory fire resistance. 


3. BUILDING CODE REQUIREMENTS 


A study of twenty or more building codes of cities throughout the 
United States gives data on current requirements for hollow concrete 
masonry construction. The average required compressive strength of 
units, based on gross area, varies generally from 700 to 1000 lb. per 
sq. in. In a few cases, strengths of 1000 to 1500 lb. per sq. in., on net 
area, are required, but for the units in common use, these values are 
closely equivalent to those quoted as based on gross areas. Of the 
values of maximum absorption specified, the most common one is 10 
per cent, by weight; with provision in the more recent codes for a higher 
percentage of absorption (by weight) on units of light weight concrete. 
The allowable working stress on the gross area of concrete masonry 
walls varies in general from 70 to 80 lb. per sq. in. where 700-lb. units 
are used to as much as 125 lb. per sq. in. where 1000-lb. units are used. 
The specified maximum height of bearing walls is generally fixed so as 
to permit 3 or 4-story construction. The Recommended Minimum 
Requirements of the Hoover Building Code Committee are representa- 
tive of the most recent building codes and may serve as an example of 
a well-considered code, free from the effects of local peculiarities or 
prejudices. They specify an average strength of unit of 700 lb. per 
sq. in., or more, on the gross area and permit a maximum compressive 
stress due to combined live and dead loads on walls of 80 lb. per sq. in. 
when 1:3 portland cement is used and of 70 lb. per sq. in. when 1:1.4 
cement-lime mortar is used. The maximum wall height permitted is 
50 feet. The allowable absorption is limited to 10 per cent, by weight, 
under a 24-hr. immersion test, with some exceptions. Where walls 
are to be coated with stucco, the absorption requirement is waived. A 
rule is given for light weight units, which, in effect, fixes the absorption 
limit at a constant percentage, by volume. 

4. PHYSICAL MEASURES OF STRUCTURAL STABILITY 


It is seen that the building codes quoted have prescribed certain 
physical properties of units and of mortar and placed restrictions 
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upon wall design as a basis for the working stresses permitted in the 
completed wall. The adequacy of such code provisions can be deter- 
mined only by physical tests of full-sized walls. Since such tests are 
expensive and difficult, it is very desirable that relations be established 
between the compressive and flexural strengths of walls and such 
properties of the constituent parts as the strength and type of building 
unit, strength of mortar, kind of mortar joint, and thickness and size 
of wall. Other phenomena involved in the structural action of walls 
are the deformations under axial and eccentric load, the interaction 
of units in composite walls and the effect on strength and stability of 
fire exposure. The last item has been investigated very thoroughly by 
Menzel,* in the laboratory of the Portland Cement Association. 


5. OUTLINE OF TESTS ON STABILITY OF CONCRETE MASONRY WALLS 


An investigation was conducted in 1931 at the Materials Testing 
Laboratory, University of Illinois, in cooperation with the Concrete 
Masonry Association and the Portland Cement Association, to estab- 
lish relations between the physical properties of large walls and those 
of the building units and materials used. The work was conducted 
by the writer, under the administrative direction of Dean M. 8. 
Ketchum, Director of the Engineering Experiment Station, and 
Prof. M. L. Enger, Head of the Department of Theoretical and 
Applied Mechanics at the University. The two associations were 
represented by an Advisory Committee consisting of W. D. M. Allan, 
Nolan Browne, D. R. Collins, and Benjamin Wilk, who cooperated 
in outlining and assisting on the test program. The laboratory work 
was conducted by R. B. B. Moorman, Research Assistant on the 
laboratory staff, and P. M. Woodworth, Engineer, Portland Cement 
Association. In addition to the main investigation, a second group 
of tests of walls made with thin-walled units was made in cooperation 
with the Western Brick Co., Danville, Illinois, and the results are also 
included in this paper. 

It was planned to make the wall test panels large enough to be repre- 
sentative of story-height construction; with this in view they were 
made 6 ft. long and about 9 ft. 6 in. high. Small panels or wallettes, 
32 in. long and 4 ft. high, were also used to see if they could be estab- 
lished as representative wall test specimens. Seventy of the large 
walls and forty-four wallettes were tested. The main group of test 
panels was tested in compression with a uniformly distributed axial 
load. Four lots of walls were tested with an eccentrically applied load. 
One large panel of each lot was tested in cross-bending. Generally 





*C. A. Menzel, ‘Tests of the Fire Resistance and Stability of Walls of Concrete Masonry Units,”’ 
Proc. A. 8. T. M., Vol. 31, Part II, pp. 607-660, 1931. 
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three large walls and two wallettes were made with each lot of building 
units. The following summary of the test schedule indicates the vari- 
ables studied in each group of tests. (The lot numbers refer to the 
reference numbers in Table 1.) 

1. Type of Aggregate (Lots 1-8). Five kinds of aggregate. 


2. Strength of Units (Lots 1-3, 6-8, 10, 11). Two general classes of strength. 

3. Type of Mortar (Lots 1, 3, 8-11). Cement and cement-lime mortars. 

1. Type of Mortar Joint (Lots 1-3). Face shell and full mortar beds. 

5. Design of Units (Lots 8, 12, 13, A, B). Five types of units in 8 in. thickness. 
6. Wall Thickness (Lots 2, 3, 14, 15). 8- and 12-in. walls in similar units. 

7. Composite Walls (Lots 16, 17, C, D). 4-in. face brick and 8-in. concrete units. 
8. Eccentric Loading (Lots 18-21). Eccentricity one-sixth of wall thickness. 


6. MAKING AND TESTING OF WALLS 

All units used in the tests were made under normal conditions of 
plant manufacture, most of them at the plant of the Nelson Concrete 
Culvert Co., Champaign, Illinois. 

The aggregates used, Haydite, sand and gravel, crushed limestone, 
cinders and crushed air-cooled slag, were representative of materials 
in general use in this locality. Shale face brick were used in the com- 
posite walls. The cement used in units and in mortar mixtures was a 
blend of three brands, purchased locally. The hydrated lime used 
was of one brand. A complete description of the materials, the manu- 
facture and curing of the units and properties of the units and brick 
is given in a previous report of the investigation.* Fig. 1 shows the 
different types of units used 

The walls were built by a union mason and helper, hired by the 
hour. They were instructed to follow their usual style of workmanship, 
except where different types of mortar and bedding were required by 
the schedule. Vertical joints were not filled, beyond buttering the edge 
of the unit as laid and a final pointing of joints. In the brick courses 
of the composite walls, the mortar bed was spread, not furrowed. In 
the composite walls of lots 16 and 17, offset blocks were used, with a 
header course every sixth brick course. In similar walls of lots C and 
D regular blocks were used, with a header course at every seventh 
brick course backed up with Haydite brick. In lots 16, 17, and C, 
header bricks were placed directly over webs of the 3-oval-core units, 
but this was impossible with the 3-rectangular-core units of lot D. 

The walls were built and transported on rigid pallets of reinforeed 
concrete, poured on a machined surface so that no bedding was required 
when pallet and wall were placed in the testing machine. Especial 
care was taken in laying up the wall plumb and normal to the plane of 


*F. E. Richart, P. M. Woodworth and R. B. B. Moorman, ‘‘Tests of the Stability of Concrete Masonry 
Walls,” Proc. A. 8. T. M., Vol. 31, Part II, pp. 661-680, 1931. 
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Fic. 1—Typers OF CONCRETE BUILDING UNITS USED IN WALL TESTS 


the pallet base. The walls were built of units 28 days old, having 
had 21 days plant curing and 7 days air storage in the laboratory. 
After completion they were stored in the air of the laboratory at a 
temperature of 70 to 75° F., and a relative humidity of 50 to 65 per 
cent, for 32 days before testing. They were capped one day before 
test with a layer of neat, high-early-strength cement. They were 
moved to the testing machine by means of a 10-ton travelling crane. 
Fig. 2 shows a number of walls in storage. 


The walls were tested in either a Southwark-Emery machine of 
3,000,000-lb. capacity, or a Riehle machine of 600,000-lb. capacity, 
with a test speed of 0.05 in. per min. Load was applied through a 
spherical bearing block and two 24-in. I-beams to the 2-in. steel plate 
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Fic. 2—WALLS IN STORAGE BEFORE TESTING 


used to cap the wall. The I-beams were sufficiently stiff to distribute 
the load very uniformly. Fig. 3 shows a wall in the Southwark- 
Emery machine after being tested to failure. 


Wall deformations were measured by means of four vertical com- 
pressometers of 100-in. gauge length, two on each side of the wall, as 
indicated in Fig. 4. The figure also shows 2 and 6-in. gauge lines 
across and between mortar joints on which measurements were taken 
with Berry strain gauges on one wall of each lot. Lateral deflections 
of walls were read by means of a mirror and scale arrangement or an 
Ames dial deflectometer. The wallettes were tested in the same manner 
as the large walls except that vertical deformations were measured by 
a 40-in. compressometer at each side of the wall, as indicated in Fig. 5. 


A flexure test was made on a large wall of each lot. These walls, 
which failed by cracking along a horizontal joint near midheight, 
were later tested in compression and developed as great compressive 
strengths as the uncracked walls. The flexure test was made by sup- 
porting the wall laterally by horizontal steel beams at its top and 
bottom edges and applying a lateral load distributed along the hori- 
zontal center line, using a span of 9 ft.. The load was applied through 
a 10-ton screw jack, a spring dynamometer and a steel I-beam, as 


~~ 
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Fig. 3—WALL IN TESTING MACHINE AFTER COMPLETION OF TEST 


shown in Fig. 6. All points of bearing against the wall were cushioned 
with a strip of 3-in. leather belting. : 


The walls of lots 18 to 21 were loaded eccentrically, the procedure 
differing from the axial load tests in that the load was applied at the 
top of the wall through a %4-in. square cold-rolled rod resting on the 
steel bearing plate and one-sixth of the wall thickness from the central 
plane of the wall. No form of eccentric support was used at the bottom 
of the wall. Strains and deflections were measured as in axial load tests, 
with additional strain gauge readings to indicate stress distribution at 
top and bottom of the wall. Fig. 7 shows a wall after failure under 
eccentric load. 
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Kia. 4 (Lerr)—VIEW OF WALL, SHOWING COMPRESSOMETERS AND 
GAUGE LINES 
Fie. 5 (Rigur)—VIEW OF WALLETTE, SHOWING COMPRESSOMETER 


7. STRENGTH-RELATIONS FROM TESTS 


The average results of the wall tests are given in Table 1. For data 
of individual walls, reference may be made to the previous report in 
the 1931 Proceedings of the American Society for Testing Materials.* 
The principal strength relations established by the tests are also given 
here in summarized form only since they were previously reported, 


Effect of Strength of Unit on Wall Strengths 


The data of Table I show that for these tests the wall strength 
depended principally upon the strength of the units used, and was 
not greatly affected by the kind of mortar used. The ratio of strength 
of large wall to strength of unit, for walls made with 3-oval core units 
laid up in full mortar beds, is fairly constant, with an average value of 
0.53, as indicated in Fig. 8. The ratio varies from 0.34 to 0.65 for 
the 14 lots, but for 10 of these it lies between 0.50 and 0.57. 


*loc. cit 
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Fic. 6 (Lerr)—WaALL BEING TESTED IN FLEXURE 
Fic. 7 (Rignht)—WALL AFTER FAILURE UNDER ECCENTRIC LOAD 


Strength of Walls and Wallettes 


The corresponding compressive strengths of all large and small walls, 
including the composite and eccentrically loaded panels, are plotted 
in Fig. 8. The average ratio of strength of walls to that of wallettes 
is 0.91, with most of the points within 10 per cent of this value, as 
indicated by the zone bounded by broken lines in the figure. The 
consistency of these results indicates that wallette strengths, multiplied 
by 0.9, might safely be taken as representative of the strength of full- 
story panels, such as the large walls tested. 


Types of Mortar and Mortar Joints 


The two types of mortar used were evidently both sufficiently strong 
that no marked differences in efficiency of units were found due to 
differences in the mortar strengths. Walls of lots 1, 3, and 8 with a 
full bed of 1:1:44% cement-lime mortar were comparable to walls of 
lots 9, 10, and 11 made with 1:3 cement mortar containing 10 per cent 
lime. Mortars were proportioned throughout by dry, rodded volumes. 
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TABLE 1—PRINCIPAL RESULTS OF MASONRY WALL TESTS 


373 


Large Walls—2 or 3 of a kind, 6 ft. long, 9 ft. 6 in. high, tested in compression and flexure 
Small Walls—2 of a kind, 2 ft. 8 in. long, 4 ft. high, tested in compression. 
All walls built when units were 28 days old, stored in air of laboratory and tested 32 days later 


Strengths of walls and units are bas 


on gross areas. 


Compressive strength of units given are from a tests. 


Compressive strength of mortars from 2 by 4-in. cy 


lime mortar, (C) 1:3 cement mortar, with 10 per cent lime. 
All units manufactured in products plants under usual conditions 
Mortar joints, full mortar bed except walls marked 1CS, 2HS, 3GS and 21GS, which were bedded on 
face shells only. 
Composite walls, 4-in. face brick, 8-in. concrete unit. 


Eccentric loads applied at edge of middle third of wall thickness 
rhe unit stresses given for eccentrically loaded walls are the average unit stresses 


Lot 
and 
Wall 
No. 


1CF 
1CsS 
2HF 
2HS 
3GF 
3Gs 
41.F 
5SF 
SGF 
9CF 
10GI 
1IGF 


12G] 


13GF 


14GI 


15H} 


16HI 
16HS 


17C} 


ISH} 
19C I 
20GI 


21Gs 


6HF 
5 


Type of Unit 


S-8-16" 
3-oval-core 


S-S-16”" 


3-oval-core 


S-S-16" 


o-OVal-core 


5-8-12” 


2-sq.-core 


316-8-12” 
2-sq.-core 
&-12-16" 
al-core 
S-12-16" 
s-oval-core 
S-S-1¢ 
s-oval-core 
S-S-16" 
il-eore 
S-S-16" 
3-oval-core 
8-S-16" 
}-sq.-core 


S-S-16" 


3-oval-core 


S-S-16" 


{-sq.-core 


$3 months old when wall was built 
wth ol 





inders, 32 days old 
Mortar mixtures, by dry rodded volumes: (A) 1:1:444, cement-lime mortar, (B 


Compressive Strength 


| Mor- Ib. per sq. in. 





Aggregate tar 


Mix | Large! Small 
Walls | Walls | Units 
Axial Loading 

Cinder A 445 450 865 
Cinder A 350 380 865 
Haydite A 455 470 820 
Haydite A 370 390 820 
Sand-Gr. A 610 655 1070 
Sand-Gr. A 450 495 1070 
Limestone; A 390 460 780 
Slag A 540 590 1290 
Haydite A 440 520 1280 
Cinder A 515 595 970 
Sand-Gr. A 695 635 1230 
Cinder Cc 610 635 1150 
Sand-Gr. Cc 355 370 550 
Sand-Gr. Cc 780 940 1570 
Sand-Gr A 585 705 1360 
Sand-Gr A 630 775 1550 
Sand-Gr. A 370 400 600 
Haydite A 365 370 670 

Haydite B 685 635 710* 
990 

Haydite B 545 640 520* 
720 

Cinder B 805 780 1050* 
S10 


Eccentric Loading 


Hayd:te A 400 475 1040 
Cinder 4 355 S50 
Sand-Gr. A 425 1010 
Sand-Gr A 515 1480 


Axial Loading, Thin-Walled Uni 
Haydite A £10 805 
Haydite A 365 720 
Haydite B 700 805 
Haydite B 650 720 


Walls tested when 32 d 
offset units of alternate courses 


Mor- lb. per in? 


tar 


1280 
1190 
1010 
940 
820 
S40 


1100 
1170 
1550 
1230 

$20 
1850 
1890 
1930 


1250 


1190 


1100 


950 
1305 
1580 


1280 


1220 


1:1144:4% 


cement- 


Modulus 
of 
Rupture 


Strength Ratios 
Large Walls to 


Small 
Wall Unit 
0.99 0.51 


0.92 0.40 


0.95 0.45 


0.93 0.57 
0.91 0.42 
0.85 0.50 
0.92 0.42 
0.85 0.34 
0.87 0.53 


1.09 0.57 


0.96 0.53 
0.96 0.65 
0.83 0.50 
0.83 0.43 


0.943 0.62 
0.99 0.54 
1.08 0.97 
0.69 
0.85 1.05 
0.76 
1.03 0.77 
0.99 
0.84 0.358 
0.42 
0.42 
0.35 
0.51 
0.51 
0.87 
0.90 
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The average of the wall-unit strength ratios is the same for the 
two groups and there is no evidence of any systematic variation. 


In the comparison of full mortar bedding with face-shell bedding of 
units, a very definite effect was noted. Both walls and wallettes of 
Lots 1, 2, and 3 were laid up in both ways and the average ratio of 
wall strengths with face-shell bedding to those with full bedding is 
0.80. This is also very nearly the ratio of the bedded areas in the two 
cases, and it may be concluded that wall strengths with the two kinds 
of bedding will be proportional to the bedded areas, provided full 
bedding of webs is possible, as is the case with 3-oval-core units. 


Design of Units 


The walls do not show marked differences in the effectiveness of 
units made with different aggregates, but, as shown in Fig. 8, the 
effectiveness in all cases was reasonably uniform. 


The comparison of 8-and 12-in. walls of lots 2, 3, 14, and 15, with 
full mortar beds, shows practically no difference in effectiveness. The 
percentage of core area for the two sizes of unit are 37 and 39 per cent, 
respectively. 


Units of 5 types were used in the 8-in. walls, as indicated in Fig. 1, 
but all five were not made with the same materials. Lots 8, 12 and 13 
furnish a comparison between the ordinary 3-oval-core unit, the 5 
by 8 by 12-in. tile, and the 3% by 8 by 12-in. tile. The average wall- 
unit strength ratios, including both walls and wallettes are, respec- 
tively, 0.55, 0.47, and 0.46. These walls were laid with full mortar 
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beds, and it is obvious that with the tile units a full bearing of webs was 
impossible, with middle webs bearing on vertical mortar joints, or 
vice versa. The effectiveness of these tile units indicates that about 
85 per cent of the full mortar bed was effective, which is somewhat 
better than would be expected had these units been laid with face shell 
bedding, as they are customarily laid in practice. 


Comparison of the two styles of thin-walled units with the ordinary 
_ 3-oval-core type may be made between lots A, B, and 2. Here the 
wall-unit strength ratios are 0.56, 0.51 and 0.51. Cores for the three 
types are 37, 45, and 55 per cent of the gross area. The effectiveness 
of the tile units of lot B is noteworthy, considering the large core area 
and the impossibility of complete bearing of webs when full mortar 
beds are used. All of the above values are so close to the average value 
of 0.53 of Fig. 8 that no particular advantage as to strength can be 
claimed for any one style of unit. 


8. DEFORMATIONS OF AXIALLY LOADED WALLS 


Stress-strain curves for all plain axially loaded walls are given in 
Fig. 9. Each curve represents the average of 4 strain measurements on 
100-in. gauge lines. In general, the lower portion of these curves 
appears to be a straight line; the slope of this straight portion is the 
tangent modulus of elasticity of the wall as a whole. Values of these 
moduli, together with similar ones for units and for mortar cylinders, 
are given in Table 2. It is seen that the overall moduli for the walls 
vary in general from 300,000 to 1,170,000 lb. per sq. in. of gross area 
for the different walls, with a general tendency for the higher values 
to correspond to the higher wall strengths. The stress-strain curves 
do not extend to the maximum load, since the instruments were re- 
moved to avoid breakage. The unit deformations observed reach 
values of 0.001 in. per in. or a total shortening in a 10-ft. wall of 1 in. 
in some cases. 

The deformations of walls at working stresses are frequently dis- 
cussed, and the data of Table 2 make it easy to quote some definite 
values, since the stress-strain curve is a straight line at this stage. 
Assuming a 10-ft. height of wall under a working stress of 80 lb. per 
sq. in., a wall with a modulus of elasticity of 300,000 Ib. per sq. in. will 

80 x 120 
shorten a total amount of —— 

300,000 
a modulus of 1,200,000 lb. per sq. in. will shorten only one-fourth as 
much. Even the amount of J, in. is less than the elastic shortening of 
a column of structural steel or reinforced concrete under the current 
working stresses. It may also be less than the shortening of the wall 


, or about 32 in., and a wall with 
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TABLE 2——MODULI OF ELASTICITY OF WALLS AND UNITS 


Modulus of Elasticity is based on initial tangent of stress-strain curve. Stresses and moduli refer to 
gross area of units and walls. Deformations on walls read on four 100-in. gauge lines; on wallettes on 
two 40-in. gauge lines; on units on 2 gauge lines (2in. or 6 in.) on 2 units; and on mortar cylinders on two 
l-in. gage lines (Huggenberger gage 





Compressive Tangent Modulus of Elasticity 
Strength thousands of Ib. per sq. in. 
; Ib/in.? ee es Pt eee , : Ratio of 
Lot Kind of Rakai in ot LO SN A. Moduli 
No. Units . Wall- Mortar of Walls 
Units Walls Units Walls ettes Cylinder to Units 
1CF Cinder 865 445 570 365 416 1275 0.64 
1CS Cinder 865 350 570 355 345 1055 , 
2HF | Haydite 820 455 645 565 | 555 | 1275 0.87 
2HS Haydite 820 370 645 | 455 | 465 1335 . 
3GF Gravel 1070 610 1010 | 825 1070 965 0.82 
3G8 Gravel 1070 450 1010 700 650 1280 
4LF Limestone 780 390 650 440 455 840 0.68 
SSF Slag 1290 540 1110 865 915 1125 0.78 
6HF Haydite 1280 440 1000 485 475 1455 0.49 
7CF Cinder 970 515 730 475 510 1360 0.65 
8GF Gravel 1230 695 1475 945 | 945 1210 0.64 
9CF Cinder 1150 610 1080 545 555 1650 0.51 
10GF Gravel 550 355 1100 570 610 1480 0.52 
1IGF Gravel 1570 780 1450 1170 14090 1550 0.80 
12GF Gravel 1360 585 1260 760 1170 1305 0.60 
13GF Gravel 1550 630 1120 690 705 1020 0.62 
14GF Gravel 600 370 930 605 610 1150 0.65 
15HF Haydite 670 365 520 420 440 1150 0.81 
16HF Haydite 710 685 760 920 870 1035 
990 
16HS Haydite 520 545 860 745 750 1200 
720 
17CI Cinder 1050 S05 735 900 730 1405 
810 
1ISHF Haydite 1040 400 860 595 ; 1275 0.69 
19CF Cinders S50 355 410 405 : 1315 0.99 
20GF Gravel 1010 425 810 750 1200 0.92 
21GS Gravel 1480 515 1560 750 1205 0.48 
A Haydite 805 410 595 490 ; 1270 0.82 
B Haydite 720 365 525 390 1030 0.74 
Cc Haydite 805 700 595 1050 1170 
D Haydite 720 650 525 1175 1535 


due to shrinkage, although it has been clearly demonstrated that the 
shrinkage can be kept well below this amount if the units are properly 
air-dried before they are laid in the wall. On the whole, it may be 
concluded that the deformations of concrete masonry walls due to 
working stresses, and including moderate shrinkage, will compare very 
favorably with the deformations of columns and.-reinforeed concrete 
walls. 
9. DEFORMATIONS IN UNITS AND IN MORTAR JOINTS 


To analyze the effect of the deformations of units and of mortar 
joints upon the total wall deformation, vertical strain measurements 
were taken on 2-in. gauge lines across mortar joints, and on 6- or 2-in. 
gauge lines on units, during the wall tests. Indirect information was 
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also obtained from strain measurements in tests of individual units and 
of 2 by 4-in. mortar cylinders, made and stored with the walls. The 
moduli of elasticity from the cylinders must, of course, be reduced in 
the ratio of bedded to gross area of unit to be comparable with the ob- 
served modulus of elasticity of the mortar joints in the walls. Fig. 10 
shows typical stress-strain curves from the four sources noted above for 
six typical walls, in which some range in strength of unit and quality 
of mortar are represented. The curves for 2- and 6-in. gauge lines on 
walls represent readings on 4 gauge lines each; those for tests of in- 
dividual units, two readings on 6-in. gauge lines on each of 2 units, and 
those for the mortar cylinders, two readings with 1l-in. Huggenberger 
gauges on one cylinder. In all cases, the unit deformations measured 
on 2-in. lines across mortar joints were much greater at a given load 
than the readings on 6-in. lines lying within the unit. The smaller 
deformations are generally those on the individual mortar cylinders. 
The deformations of concrete units in the wall do not differ greatly 
from the deformations of individual units tested alone, for a given unit 
stress on the gross area. 


While the irregularity of the curves for the gauge lines across mortar 
joints may be ascribed partly to instrumental errors attendant upon 
the short gauge length used, it is hard to explain why the deformation 
across the joint is so large with mortar of the stiffness indicated by the 
cylinder tests. There is chance for high concentrations of stress due 
to the variations in thickness of the mortar joint, and this may have led 
to a progressive failure of the joint. It is likely, too, that the portions 
of the unit near the joint are less stiff than the remainder. Finally, 
there is some uncertainty as to the exact gauge length produced by the 
insertion of steel plugs in the surface of the unit. At any rate, the large 
deformations of mortar joints are in accord with the fact that failure 
of walls usually started at the joints, with crumbling of the mortar 
surface and splitting off of adjacent edges of units. The deformations 
also explain why the modulus of elasticity of walls was generally con- 
siderably less than that of individual units. Considering that, for the 
cases shown in Fig. 10, the average unit deformation of 2-in. gauge 
lines across mortar joints was roughly two to four times that measured 
on 6-in. gauge lines on the units, it appears that for walls built of 8-in. 
units the average deformation (weighted in proportion to gauge 
lengths) should be 25 to 75 per cent greater than that of the unit, or 
conversely, the moduli of elasticity of walls should be 57 to 80 per cent 
of the value for individual units. The data of Table 2 indicate approxi- 
mately this range of variation, the average wall-unit ratio of moduli 
being about two-thirds. 
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Fic. 10—TyYPICAL STRESS-STRAIN CURVES FOR UNITS, MORTAR, 
AND WALL SECTIONS 


10. THE BEHAVIOR OF COMPOSITE WALLS 


The composite walls include lots 16, C and D, made with three types 
of Haydite units, and 17, made with cinder units. A very strong shale 
face brick was used in all of these walls. All were laid with full mortar 
beds except lot 16HS, in which the walls were laid up, by mistake, 
with practically a face-shell mortar bedding. Another set of walls was 
built of similar units, lot 16HF, with full mortar beds, to meet the 
original plan. 

In the tests, particular attention was paid to the effectiveness of 
action of the two types of units in the same wall, as indicated by the 
deformations and the manner of failure. Differing from the plain 
walls, in which there was very little cracking or other signs of distress 
until very near the ultimate load, failure of the composite walls was 
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Fic. 11—STRESS-STRAIN CURVES FOR BOTH SIDES OF COMPOSITE WALLS 


characterized by an initial yielding and apparent readjustment. of. 
load, accompanied by some cracking and splitting of units, well below 
the maximum load. In some cases there was a marked lateral bowing 
or deflection and at failure the wall split either along a plane crossing 
the webs of the concrete units or along the joint between brick and 
voncrete section. 


Fig. 11 shows stress-strain curves for the 100-in. gauge lines on the 
two faces of each wall. The curves do not show ultimate loads, but 
for the highest loads shown the average deformations do not differ 
greatly from those noted in Fig. 9 for plain walls. However, in several 
walls, the deformations of the concrete faces markedly exceeded those 
for the brick faces. On the 100 in. lengths, the excess of the shortening 
of the concrete face over that of the brick face (at the highest loads 
shown) was as follows: Lot 16HF, 0.02 in.; 16H, 0.02 in.; 17, 0.05 
in.; C, 0.02 in.; D, 0.03 in. Only two or three of the walls show an 
extreme spread between the curves for concrete and brick deforma- 
tions. Walls 17CF2 and D1 show a very marked difference in de- 
formation on the two sides. There is apparently an explanation for the 
difference in action of walls Dl and D2. These walls were tested 
several weeks after the other walls. After the test of Wall D2, a slight 
eccentricity of the loading beam was noted. This eccentricity was 
toward the brick face and evidently tended to equalize the deformations 
on the twosides. Since Wall D1 had been tested with its brick face in 
the opposite direction, any eccentricity that may have existed would 
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Kia. 12—STRESS-STRAIN CURVES FOR BOTH SIDES OF ECCENTRICALL) 
LOADED WALLS 
have increased the concrete deformations and decreased the brick de- 
formations. This is borne out both by the curves of Fig. 11 and by the 
ultimate loads carried by these two walls. Fortunately, the average 
of the two loads should largely compensate the effect of the eccentricity 
of load. 

In spite of the differences in stiffness of the two sides of some of these 
walls, the ratio of wall strength to the strength of the concrete units 
was much greater than for the plain walls, even when the weaker units 
(see differences in strength between the offset and regular units as 
listed in Table 1) are considered. Evidently any non-uniformity of 
resistance of a wall was more than offset by the resistance of the solid 
brick masonry. The provisions of the Hoover Code permitting working 
compressive stresses on the total thickness of such walls as great as 
would be permitted on the concrete masonry backing are thus seen 
to be amply justified in so far as strength is concerned. 

11. WALLS UNDER ECCENTRIC LOADING 

Comparisons may be made between the eccentrically loaded walls 
of lots 18, 19, 20 and 21 and the axially loaded walls of lots 1, 2, 3 and 
12. While there was a difference in the type of mortar bed between 
lots 21 and 12, this should produce only a slight effect with the ree- 
tangular-core tile units used. The load was applied to the walls with 
an eccentricity of one-sixth of the wall thickness, which in a solid, 
homogeneous wall should produce stresses varying from zero at one 
face to a maximum (twice the average) at the other, and if the material 
failed at a limiting maximum stress, should result in an ultimate load 
one-half that for axial loading. In these walls, however, two factors 
modify this theory: (1) the compressive strength of concrete is greater 
in flexure than in axial loading, and (2) the hollow wall has a greater 
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radius of gyration than a solid rectangle of the same width and thus 
can better resist eccentric loading. 


Fig. 12 shows stress-strain curves for the 100-in. gauge lines on the 
two sides of the eccentrically loaded walls. The spread in the deforma- 
tions is fairly consistent for all walls, though in no case is the smaller 
strain equal to zero, as discussed above. The ratios of average de- 
formation to maximum deformation, based on the lower portions of 
these curves, average 0.72, 0.74, 0.64, and 0.88 for the four lots, listed 
in numerical order. These ratios are indicative of the relative strengths 
of walls under eccentric and axial loads, but only in an indirect way. 


A fairly direct indication of the effect of eccentricity may be obtained 
from Table 1, in which average ultimate stresses are given. The ratios 
of strength of wall to that of unit average 0.38, 0.42, 0.42, and 0.35 for 
the four eccentrically loaded walls, and 0.51, 0.56, 0.57, and 0.43 for 
the corresponding axially loaded walls. The four eccentrically loaded 
walls are thus, respectively, 74, 75, 74, and 81 per cent as strong as 
similar walls axially loaded. These values compare fairly well with the 
deformation ratios quoted in the preceding paragraph. The consistency 
of these values is convincing evidence of the reduction in wall strength 
produced by slight eccentricity. 


12. DEFORMATIONS OF THIN-WALLED UNITS 


It has been pointed out that the effectiveness of the thin-walled 
units of lots A and B in producing wall strength was practically equal 
to the average value for 3-oval core units, as given by Fig. 8. It seems 
likely, however, that the deformations of walls made with these units 
might be greater than for the heavier units. Values of the moduli of 
elasticity of walls of lots 2HF, A and B, all made with Haydite aggre- 
gates, are 547,000, 488,000 and 382,000 lb. per sq. in., as given in 
Table 2. These values are based on the gross areas of the walls, and 
considering the fact that the net sections of these walls are roughly 
63, 55 and 45 per cent of the gross areas, it is found that the above 
moduli are practicaly proportional to the net wall sections. This 
simply indicates that for units of like material, the deformations will 
vary inversely as the net cross-section. While this would imply that 
the deformations of walls made with thin-shelled units may be some- 
what larger than for the thicker units, the moduli noted above are not 
unduly low or in any way unsatisfactory. In general, the strength 
requirements of the material in thin-walled units may be expected 
to maintain a satisfactory modulus of elasticity as well. 
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13. FLEXURAL STRENGTH OF WALLS 

Values of the modulus of rupture of a wall of each lot, based upon 
the assumption of a solid, rectangular cross-section, are given in 
Table 1. Failure was in all cases along a mortar joint near midheight 
of wall and was a failure in adhesion of mortar to unit. The smooth 
lower edge of units molded on metal pallets apparently developed poor 
adhesion to the mortar. Walls with face-shell bedding gave about as 
good results as those with full bedding. The values of the modulus 
of rupture vary from 18 to 50 lb. per sq. in. There is no apparent rela- 
tion between the low values and the strength of the mortar used. 
The composite walls that were tested with brick faces in tension gave 
values of 38 and 50 lb. per sq. in. Neither brick nor masonry units 
were wet down before being laid in the wall. It seems likely that 
better flexural strengths could be secured by a little effort in producing 
units with a rougher texture of bearing surfaces and possibly by 
wetting the bearing surfaces as the walls were being laid. 

As previously mentioned, flexural strength is needed to resist wind 
pressure on exterior walls. For an 8-in. wall carrying no direct vertical 
load and without continuity or restraint of any sort at the edges, the 
lowest values of modulus of rupture found in the tests will give a very 
low factor of safety. However, a moderate compressive load, such 
as would be present even at midheight of a top story, will serve to 
counteract the flexural tensile stress, which is the source of a flexural 
failure. Furthermore, if the wall spans horizontally between columns 
or other vertical supports, its flexural strength may be considerably 
greater, due to the absence of a continuous mortar joint. If there are 
both vertical and horizontal supports, the wall will act as a two-way 
slab, with correspondingly greater stability. Conditions of continuity 
at the edges of a panel will obtain under ordinary conditions and will 
further reduce the flexural stress. 

It is difficult to evaluate the probable conditions of wind pressure, 
direct load, lateral restraint, and continuity in a building wall. Doubt- 
less the Hoover code committee had certain conditions in mind in 
limiting the distance between lateral supports to 16 wall thicknesses 
in top stories and 18 thicknesses elsewhere. For such a span, under 
the worst conditions, a modulus of rupture of 18 lb. per sq. in. is cer- 
tainly inadequate; even for a moderate assumption of conditions it 
would seem desirable that the modulus of rupture be at least 30 lb. per 
sq. in. That this may readily be attained is shown by many of the wall 
test data; values of 40 lb. per sq. in. being secured even with the thin- 
walled units of lots A and B. Further studies of methods of increasing 
the adhesion between mortar and unit appear to be very desirable. 
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TABLE 3—FACTORS OF SAFETY OF WALLS IN COMPRESSION 


Allowable stresses, 80 lb. per sq. in. of gross area on walls of Lots 9, 10 and 11, and 70 lb. per sq. in. 
on all others. 
Notation: First reference letter,C = Cinders, H = Haydite,G = Gravel, L = Limestone, S = Slag. 
ond reference letter, F = Full mortar bed, S = Face-Shell bed. 


} z i. eS i Aa a 








Factor of | Factor of Factor of 
Lot No. Safety | Lot No. Safety Lot No. Safety 
1CF 6.3 7CF 7.3 16HF 9.8 
1C8 5.0 8SGF | 9.9 16HS 7.8 
2HF 6.5 9CF | 7.6 17CF 11.5 
2HS 5.3 10GF 4.4 
3GF 8.7 11GF 9.7 A 5.9 
3GS8 6.4 12GF 8.3 B 5.2 
4LF 5.6 13GF 9.0 G 10.0 
5SF | oe 14GF 5.3 D 9.3 
6HF 6.3 ISHF §.2 


14. FACTOR OF SAFETY OF TEST WALLS 


By dividing the test strengths of walls given in Table 1 by allowable 
working stresses, values of the factor of safety against compression 
failure are obtained. The allowable wall stress of 70 lb. per sq. in. 
of the Hoover Code may be considered applicable to the test walls laid 
in cement-lime mortar, comprising all lots except 9, 10 and 11. For 
the latter, laid in cement mortar, the value of 80 lb. per sq. in. is used. 
For the composite or faced walls, the working stresses permitted on 
the back-up units are applied to the overall wall section. Values of the 
factor of safety, given in Table 5 for all axially loaded walls, are seen 
to vary from 4.4 to 11.5. The value of 4.4, which is the only one below 
5.0, applies to units which did not meet the usual requirement of a 
strength of 700 lb. per sq. in. In view of the increasing attention being 
given to inspection and tests of building units, as well as to standards 
of workmanship, a factor of safety of 5 would seem to be a very 
conservative one. The values of 5 or more shown by these tests should 
be encouraging to the users of concrete masonry. 


15. CONCLUSIONS 


The following conclusions have been drawn from the results of the 
concrete masonry wall tests: 

1. The compressive strength of large wall panels apparently 
depends mainly upon the strength of the building units. The average 
ratio between strength of wall and strength of unit was found to be 
0.53. 


2. The ratio between compressive strengths of large walls and 
wallettes was fairly constant, with an average value of 0.91. The 
use of wallettes as representative of wall construction would thus seem 
justified. 
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3. The factor of safety of walls in compression, based upon working 
stresses of 70 and 80 lb. per sq. in. varied from 4.4 to 11.5. 


4. The compressive strength of 8-in. walls of 3-oval core units with 
face-shell bedding was about 80 per cent of that obtained with full 
bedding. The flexural strength was approximately the same for the 
two cases. 


5. A range in modulus of elasticity of walls from 300,000 to 1,170,- 
000 lb. per sq. in. of gross area was found. The deformation of walls 
at working stresses is apparently less than for compression members 
of steel or reinforced concrete. 


6. Composite walls of face brick and concrete building units, 
developed high strengths and showed satisfactory interaction of the 
two materials, though there were large differences in deformations in 
some cases. 


7. Walls under eccentric compressive loads applied at the edge of 
the middle third of thickness deformed very consistently and devel- 
oped strengths about three-fourths as great as did axially loaded walls. 


8. The flexural strength of walls depended upon the adhesion of 
mortar to unit, with failure following a horizontal mortar joint. 
Moduli of rupture observed varied from 18 to 50 lb. per sq. in. 


Readers are referred to the JouRNAL for June, 1932, for discussion which may develop. 
Such discussion should reach the Secretary not later than April 15. 














DEFLECTIONS AND VIBRATIONS IN HiGH BuILDINGS* 
BY L. J. MENSCHT 


PART 1.—DEFLECTIONS OF TALL BUILDINGS 


SINCE engineers are not in agreement as to methods of figuring 
stresses in tall building frames due to wind, it is not surprising that 
little attention has been paid to the deflections of such structures from 
that cause. It is generally agreed, however, that a good working 
rule for finding the shears in the columns of a wind bracing system is 
to divide the total wind load by the number of panels, which gives 
the shear on the inside columns, and to assume the shear in the out- 
side columns is half that in the inside columns. This rule is used 
regardless of the relative sizes of columns and girders and regardless 
of the length of the various panels. This method is probably adequate 
for buildings up to 30 stories high but a simple proof that such is the 
case is lacking. The writer will endeavor to show such a simple proof 
by the moment-area method and will also show how to consider the 
relative stiffness of columns and girders. 

Table of nomenclature used in this paper: 

E = modulus of elasticity in lb. per sq. ft. 

I = moment of inertia in ft.‘, 7, at the point z, J. of column, /, of girder. 

m, and m’, = bending moment in columns at the top and bottom, respectively, in 
ft.-lb. 

M, = bending moment in girder adjoining outside column, ft.-lb. 

M, = bending moment in girder adjoining inside column, ft.-lb. 

land l’ = theoretical and clear span of girders in ft. 

hand h’ = theoretical and clear length of columns, in ft. 

H = total height of building 

6, = angle which girder makes at the junction with outside column with the line 
connecting the base of the outside and inside columns; it is also the angle which 
the outside column makes with the line at right angles to the base line above 
described. This definition is necessary instead of using horizontal and vertical 
lines because, on account of cantilever bending, the floor line does not remain 
horizontal. 

@, = angle for the inside column. 

P = entire wind load above the middle of any story considered. 

X, and X, = shear taken by outside and inside columns, respectively. 

D = deflection in feet, d also a deflection. 


*For presentation and discussion at the 28th Annual Convention, Washington, D. C., March 1-4, 
1932. 
tCivil Engineer and Contractor, Chicago, Ill 
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n = ratio of stiffness between columns and girders, O a similar ratio. 

c = coefficient denoting the part of P taken by the outside column. 

s = number of stories in a building. 

T = period in seconds of the lowest number of vibrations of a structure, that is 
the time of making a complete forward and backward swing of 4 amplitudes, 
each amplitude being the distance from the point of zero elongation to the 
farthest point of travel. 

g = acceleration of gravity in ft. per sec. per sec. = 32.2 ft. per sec. per sec. 

F = a force producing a unit distance deflection 

W = weight of building in lb. 

The two fundamental rules of the moment-area method are: 


(1) The change of angle between the tangents to the elastic line of two points of a 
beam in a state of equilibrium, when deflected by exterior forces equals 





1 
ey «Are of diagram of moments between the two points). 


(2) The deflection of one point of a beam with respect to the tangent of the elastic 
line of another point of a beam, when deflected by exterior forces equals 


1 


Ey Moment of area of diagram of moments with respect to the first point). 
































de IN 
+6, d 
} Q 
Ny 
X [A a) ja 
7 Do nha Cy F e177, 
(a) 2) 4 
Fia. 1 


Let AA’ in Fig 1 be a column, deformed by the wind load and adjoining girders, 
so that the angle of the tangent of the deformed center line at A equals that at 
A’. The change of angle between A and A’ being nil, we have from rule (1) 

1 
EI, 


O= 





1 a k 
(Area bed — Area def) =r (ms _ my) 


} 1 k? h 
As =<, 0= ™> — mM cat F whence i = k = 3 and m, = m’), 


which means that the point of contraflexure is at mid-point, or when we assume that 
the point of contraflexure is at mid-height it means that we assume that the angles 
at bottom and top of the columns are equal. 
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The horizontal deflection of the top of the column with respect to the bottom 
D = h®; + A’a’ and from rule 2 


A’a’ = F (Moment of area bed — Moment of area def) taking moments about A’ 


Jac 


sh. Bh hh 
A’? =— (om, + xX —) — (m’,— X—) ), and as m, = m’; 
El’ 4 6 4 6 





Ne 1 mh? 
Ae a= 
El. 6 
. :; X h 
Let X be the shear transmitted by the column, then m, = : 
1 Xh' - 
and D = h®, += or ; . . (3) 
EI. 12 
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Fig. 2 


Let AB in Fig. 2 represent a girder, connecting two columns, which girder is 
deflected by the outside columns to form with the original floor line, the angle 6, 
at the left end, and by the inside columns to form the angle @, at the right end, 
and in the lower part of Fig. 2 let ABFE represent the diagram of moments, which 
can also be considered a triangle ABG minus a parallelogram EFBG, then the 
deflection of B with respect to the tangent at A is obtained from rule 2. 
= (Moment of area ABG — Moment of area EF BG) 
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le, = 


l l 2l M.lxl : 
le, = ap (Ms + M,) 9 * ; ae =), reducing, 
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subtracting (5) from (4) 6; — @2 = ( ) 
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Equations (3) and (6) are the fundamental formulas on which this analysis is based. 
Fig. 3 shows one story of a multi-story frame, consisting of two outside columns, 
one inside column and two connecting girders of equal span. Let the sum of all 
wind loads above the middle of the story be P, and the shear taken by the outside 
column be X, and by the inside column be Xo, then 

P = 2X, + X;2 
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@ %9 ee I 





—s 

















e Zit | 
er ae Q 
2) | 
x. ‘al 
ocenr= een a 
d R 46, 
Fie. 3 


For a simple solution of the problem we shall also assume that the point of contra- 
flexure is at mid-height of the columns, and later show how small the resulting error 


h h 
is in most cases. We can write m, = X:>~, m2: = X25 and from Fig. 4 


ow RE og eS, St a i a ee Dee bean x ee 
and M, = X.— : -..9) 
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Neglecting the longitudinal deformation of the girders, we have from equation (3) 


d Fig. 3, A’ B’b = D =he, + af h @. + mS nd nd arrangin 
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h? 
We know from (7) that X, = P — 2X, hence 6; — 0, oa (P — 3X;)...(10) 
A value of 8; — @2 can also be obtained from the deformation of the girder AB as 
eo bs - lh . a 
shown in (6) and considering (7) we have also 6; — 0.2 = 3EI (2x, -& ) eicatrn (11) 
ee . hI, , 
Combining (10) and (11) and denoting n = TI. we obtain 
+3 
X, =<— —=Pe... POC ie erie icin (12) 
3n+4 
] +3 r + 6 + 6 
where c = - i -, &As= = = P(l — 2c) = - $o# mei 
3n+4 3n+4 n+3 


n most cases found in practice n varies between .2 and 2 and fo 
I t cases found in practice n varies betwe 2 1 2 and for 


n= .2 5 1.0 2.0 
c = .254 .26 .267 38.278 


Therefore, the ordinary rule where c is assumed to be 4% for a 3-column frame is 


justified and is a much better approximation than c = 14, sometimes used. 
A frame with two inside and two outside columns is just as easily analyzed. In 
this case P = 2X, + 2X2............. ck (14) 
P 
and X»2 = _* X,;. Equation (10) becomes 
— ca Gs, Oe 15 
0; — O2 = 121," 2—- X1) = 12E]. G — 2X),) (15) 
and equation (11) becomes 
l : X oh lh ‘ P : 
0, — 6; =—— | Xk — = — {1.5X; —- (16) 
12E/, 2 12E/, 4 
; ‘ Pn+ 3 
and from (15) and (16) X,; = = Pc (17) 
4n-+ 4.5 
1 n+ 3 . rat | n+6. 
where c = = and X» = . = P(%—c) = =z lo 
4 n+ 4.5 4n+4.5 n+3 
forn = 2 5 1.0 2.0 
ec =.17 .175 .182 .1925, while according to the ordinary rule c = % 
Similarly we find for a § 6- 7- 8-column bent 


c=ln+3 In+3 In+3 In+3 
5n+48)6n+5)|7n+5y%|8n+5Y 


respectively, and quite generally, when all columns and spans are alike in one story 


a sn 23) 
si? rm ry 3 “il. oo ae ° + . . . ° ae 
These formulas enable us to find the shear deflection in any one story. 

- » . - X ,h8 

From equation (3) and Fig. 3, D = he, + Ty) ee oe 
‘ l : Xoh lh , . 

From equation (4), 0; = = (2X,h — —) = —— (4X, — X:) and generally 
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n+6 lh n 
X, = Pc, and f 25), Xp = ——— Pe, =-—— (4Pe — P 
1 c, and from (23) n4+3 c, therefore 0, 12ET, (4Pe n4+3 c) 
This value introduced in (24) gives the deflection for one story 
h? n+6 
D= P. ( 4- ) 8 EAL. Ree, OE ee een Oe 2 
12EI, ° ose (25) 


which is valid for bents with any number of spans. The value of the expression in 
the brackets varies in most cases between 214 and 3%. 


This simple formula has never been published before, nor has any author on this 
subject given a simple formula for @;. To obtain the total shear deflection in any 
one story we have to obtain from (25) the relative deflection in each story and then 
sum up the relative deflections from the bottom to the particular story for which 
we desire the total deflection. If this is done for all stories of a building we find 
that the total deflections follow very closely the line of a parabola which has a 

2 


rise at the t hiets te tel-—— P *(4 aS y ) (26) 
a Op, a8 shown In -o, age ee Soa — — 7 rer 
° vt oS n+3 , 








» LQ 
26) 






LDerlection 


Fia. 5 


where P is the total wind load on the bent and s the number of stories in the building, 
all of the same story height, and n and c the values at the bottom. Because the 
moment of inertia of the columns changes from bottom to top, equation (26) is not 
quite correct. If, for example, the moment of inertia of the columns varies from / 


I 
at the bottom to a the top and we compute for each story the values of n, c, etc., 


and the relative shear deflections, and sum up from the bottom these relative deflec- 
tions for every story, we will find that the diagram of the total deflections for every 
story is a curve closely following a parabola with a rise 2.2 times that given by (26). 
In buildings over 40 stories high where the columns reduce still more, the shear 
deflection at the top might be 3.5 times that of (26). 
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The writer has checked formulas (25) and (26) on a 13-story model made of brass 
rods and found a very close agreement. The differences were not greater than 
those found on single rods tested on two supports. He compared these formulas also 
with the tests on a 4-story celluloid model, made by Prof. W. M. Wilson and Prof. 
G. A. Maney at the University of Illinois, in 1915, and found a very close agreement 
in this case also, although there were large differences in relative column and girder 
sizes. 

The deflection is greatly increased in narrow and tall buildings by ordinary canti- 
lever bending. Textbooks give this deflection at the end of the cantilever for a uni- 

PHS 


f cy ae ROE Fi noe oe a bc baccw oan weer 
ormly distributed loac is ¢ SEI (27) 


where H is total height of building and J the moment of inertia of a horizontal section 
of the wind bracing system about its neutral axis. The equation for the line of 


— ro, foe te te 
deflection is y = 8E/ Ht 3 + 3 =). 
where x is the distance from the bottom. 

Where the moment of inertia of the wind bracing system varies, for example, from 


I : sa see , 
T at the bottom to 3 at the top we can obtain a close approximation of the line 


of deflection by assuming that the law of change is given by 


1 -1(1 ‘ ee) (29) 
heey Av) Riera ESE EOS we 


and introducing this in the well known equation for the elastic line 
dy M 














Flt REE ety 
; : PH2x* x 132” 1 x 1x4 

and integrating, we have y = 7, (1 = “3H 36H? ~ 3H + =). i.« Zh) 

Similarly we find for the case where 7 is nearly zero at top 

yn PHB (yg 2 OP OA ey oo 

' 2EI N’ 3H 36H? 60H* 90H 


The maximum deflections at the top for a total wind load P, uniformly distributed, 
are 1.22 and 1.35, respectively, times the deflection given by (27) and (28). The 
floor construction of a building represents a very stiff horizontal girder and where 
more than one bent is assumed to carry the wind load, such proportion of the wind 
load should be assigned to each bent as to make the deflections of the bents equal. 
This rarely has been done in the past and when engineers realized that such a pro- 
cedure was necessary, they had no convenient method for determining the deflections 
and had to resort to a mere guess. Formulas (25) to (32) enable us to find these 
deflections very readily and the distribution of the wind loads to the various bents 
can be effected as follows: Find in an L-shaped building, as shown in Fig. 6, for the 
bents 1, 2 and 3, the deflection for one foot length say at mid-height of the building, 
which we call a, b, c. Let the portion of the length served by each bent be A, B, C. 


Then A + B + C = L and, because it is desired that Aa = Bb = Ce........ (33) 
A B C At+B+C 
eo - . SM as cemaeatataune vonee teens (34) 
we can write 1 = 1=1= 1 l 1 =- 
pole nag Oye d 


a b Cc a b c 
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h aa | 


Hence A ote. ba C= 
da db de 





... (36) 








fly 





| 
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The wind forces for the lengths A, B, C must be in equilibrium with the resultant 
wind pressure for the entire building; if they are not in equilibrium, the bracing has 
to be stiffened in some bents and where this is not practicable, the wind will twist 
the building and strain the bracing at right angles to the direction of the wind. 
As a rule considerable bending stresses will then occur in the floors; besides in some 
buildings it might be necessary to investigate the deflections in more than one floor 
and assume an average of the resulting values of A, B and C. The objection might be 
raised that the foregoing analyses contain assumptions which might invalidate the 
formulas given. One assumption is the location of the point of contraflexure of 
columns in the center of the story heights. Assume in a multistory frame, as shown 
in Fig. 7, that the wind load in each story is p. It is clear that the moments in the 
columns at the 11th floor level from the top, for example, are about 10 per cent 
larger than at the 10th floor from the top; also that the shear transmitted by the 
column between the 10th and 11th floors is about 4th greater than between the 
9th and 10th floors from the top. The point of contra-flexure in the columns between 


10h 
the 10th and 11th floors is easily found to be 31 ~from the 10th floor, and between 


_ 


10h 
the 9th and 10th floors to be ~ from the 10th floor, and whereas X,('°) = Pe, we 


9 P : : 
have X,(°) = 10 Pc, and the moment which the outside column exerts on the girder 


10h 10h 
at the 10th floor M,('°) = .9Pc io. + Pe as .95Pch or 5 per cent less than 
before. For lower floors the difference is still less and is 3 per cent for the 18th floor 
below the top. The shear deflection is also slightly decreased in about the same 
percentages as the moments. 


We further have to investigate the influence of variation in spans and sizes of 
girders and columns in the same story. In Fig. 8 is shown one story of a multistory 
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bent with 4 columns, which has a variety of sizes of members, but is symmetrical 
about the centerline. We have again P = 2X; + 2NXo; 


Xk? X, he 


from equation (10), 0, 0, = 12EI/ 7 IDET, (36) 

from equation (11), 0; 6, = Sal (M, — M;).. . (37) 
' ant, : 

and while M,; = X,h, we now cannot write M, = X, = because the moments from 


the inside columns are transmitted to the adjoining unequal girders in proportion to 
their rigidities. It is evident that X.h = mz + my)’ M.+ M,’... . (38) 


; l 
The moment-area method teaches that for girder BA,0, = C M, ] and for girder 
g 


BC, @, = C, M,’ y’ Where C and C, are coefficients depending on the restraint of 
v 


the other end. However, these coefficients vary only a few per cent for great varia- 


dacs , l L M, + M,’ 
tion in restraint, therefore, we can write M, M,’ (39) 
ia Ty Ig + Ay’ 
l L 


M:+M  Xsh_ 


and M, = 1+ 11, ~1+N (40) 
ae Pp 
where N = ae 
3 tell 
From (37) and (40) 0; — @ = (xn = ) (41) 
2E1, 1+N 
- . P 6 
Yombining (36) and (41) and reducing, X, 4 n; + (i +N) 
(n+n) | (6+ 3N) (#2) 
2  * (+N) 
When n = n, and N 1, this form reduces to equation (17). 
For example: let /,’ 7 Oe ay a? 1.51 
ws, hl, n 
then n; caeCiaes * & 
| tue 6 (a 
ts A 2 
nm 
2+ 6 
' 4 n Is 
oe i+ 3’ po2° 7 (43) 
4 3n (6 + 4) 1 3n 30 
i , 4 1 7 
1 + 
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For n 1, we obtaip X, .152P, while with bents of equal column and girder sizes 
and spans we found X, = .182 P, a difference of 161% per cent. As another example, 
let J.’ = 1.,L = 2l, I,’ 16],, we find forn = 1, X, = .194P, a difference of only 
6 per cent. Therefore, it can be stated that quite considerable changes in the relative 
stiffness of the members of a frame produce only moderate changes in the stresses. 




















| — aw a “ —— f— ~~ 
i? a é ri 
SN | 
<2 
! 








— 














Fig. 9 


Sudden changes in the sizes of the columns can be similarly treated. Heretofore 
we have considered only the theoretical column and girder lengths. Tests to destruc- 
tion have proved that the clear spans are the governing factors and the actual stresses 
are a great deal smaller than the stresses heretofore given. In Fig. 9 let /) and l denote 
the full story height and span c to c of columns, and h’ and U’ the corresponding clear 


a’ fT, , 
spans, and n : (43a) 
U 7] 
Am 2 : nOo+3 P 
and O —— then it can easily be shown that X, : (44) 
h? |"? nOU+4 3 
which will produce only a slight change in the value of X,, but the bending moment 
h ; ; 
now equals m, X and the moments in the girders have to be reduced in the 
» 
lV 


proportion of } 


The formula for the deflection will also change rather sharply, and we easily obtain 


hel ys nO-+ 6 
the relative shear deflection D : ( ) Pc ( i - 0 0) (45) 
EI ‘ l nO+3 


h 
For ; 7, and F 9, the column moments are reduced 30 per cent, the girder 


moments 10 per cent and the relative shear deflections 38 per cent, very great differ- 
ences which often have not been considered by many engineers 


PART 2 VIBRATIONS OF TALL BUILDINGS 


Although the theory vibrations of strings, rods, plates, electric 
currents, ete., has been the subject of profound study by the best 
mathematicians and physicists of modern times, very little has been 
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done in its application to the vibrations of tall buildings. It is true, 
of course, that high buildings have been constructed only in the last 
40 years and inconveniences due to vibrations first appeared perhaps 
30 years ago. Lately sporadic efforts have been made to investigate 
the vibrations of bridges, steam turbine foundations and chimneys, 
and vibrations in ships were first investigated perhaps 35 years ago. 


The theory started out with the investigation of the common pendulum. The 

period of a complete back-and-forth swing of a pendulum is given closely by 
l 

T = 2¥- (46) 
g 


in seconds when / is length in feet and g acceleration of gravity in feet per sec. per sec. 


0 
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It was soon discovered that this formula had a deeper significance for all kinds 
of vibrations. Consider, in Fig. 10, the pendulum swung out just one foot from 
its vertical position. The weight of the bob, mg, concentrated at A’, can be resolved 
into 2 components, one in the direction of the string and one normal to it, which 
latter component represents the force acting on the pendulum when it is just a 
unit distance from the original position. When the angle of the string with the 
vertical is small, the force trying to return the pendulum is nearly proportional to 

mg Il l m 


the distance of the bob from the vertical line. We have ae 
g 





and 





formula (46) can also be written T = ae DS EN ee Ot ene ee eee (47) 


The force F, which produces unit distance deflection, may be gravity or can be replaced 
by a spring or other elastic force or by electricity, as long as this force is propor- 
tional to the distance which the vibrating body travels from its original position. 
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Another object which has been thoroughly investigated, both theoretically and 
experimentally, is the tuning fork which is in fact a cantilever like a building under 
wind action. The longest or fundamental period of a tuning fork is given in standard 





works on sound by 7’ = 1.787 py 
EI 

where l, u, J are the length, mass per unit length (weight per unit length divided by g) 
and moment of inertia of the section of one prong, respectively. This formula has 
been thoroughly tested by numerous experiments and cannot be questioned. The 
derivation of (48) is complex, but this equation is used to help obtain a simple con- 
ception of the mechanics of the vibration of a cantilever by assuming that the mass 
of the cantilever 1s concentrated at a point 341 below the top and acted upon by a 
force F which will deflect the cantilever at this point just one unit distance from its 
position of equilibrium. 


The formula for the deflection of a cantilever by a concentrated load P, is given 
PP , 
in textbooks as d = ———-; in this case | has to be replaced by 54/ and 





3EI 
P (5%) 
ee i bo tn oseead a Se eee Pare Cee Ree Se ee Pe eee 4 
. 3EI (48a) 
, ’ ve a 
and the force which deflects the cantilever a unit distance F = Pte (541) ; the total 
78 


mass of the cantilever m = yl, and these values introduced in (47) give T = L7spey 
EI 


which is in nearly exact ag:eement with the proved period given by equation (48). 
We can transform this equation into more familiar form by introducing the weight 
of the cantilever or building, and substituting H, the total height of building for l, 


then W = uHg, and equation (48) becomes 7’ = 27} oe (49) 


400E] 
where J is the moment of inertia of a horizontal section of all windbracing bents 
about the neutral axis and g = 32.2 ft. 





Some engineers may think it a rather bold step to compare the vibrations of a 
solid rod with those of an open frame like that of a wind bracing system. The 
writer has shown that the deflections of such a frame can be accurately computed, 
and compare favorably with those of a rod. Furthermore a number of vibration 
tests have been made at the University of Illinois and results published by Dr. 
Mikishi Abe (Tests of Reinforced Concrete Frames Under Repeated Horizontal 
Loads and Measurements of Their Free Vibrations, Oct., 1929), and agree with 
this theory. The only difficulty is in assigning a proper value of EJ, on account of 
the many joints and of possible poor workmanship. It will be shown in Part 3 that 
large changes of EJ do not produce proportional changes in the results. 


When the value of J decreases toward a very small value on top it is clear from 
the mechanics just described that F will become smaller. A deeper study will also 
show that the point of application of F has to be slightly shifted toward the top, 
which again makes F smaller and the time of vibration is found by 

—— 
T = 1.13 x 2» yWH (50) 


400E] 
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The shape taken by the vibrating cantilever is shown in Fig. 11, which was com- 
puted from the elastic equation given for the tuning fork in standard works on sound 
(for example, Horace Lamb, London, 1910). 
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Fig. 11 Fic. 12 Fie. 13 


The writer also computed the period and line of deflection of tower buildings, 
as shown in Fig. 12 and 13. The assumption was made that the moment of inertia 
of the wind bracing system at the base is four times that at the bottom of the tower. 


For Fig.12 7 = 594 x 2nQ Ve Any (51) 
400E1 

For Fig. 13 7’ = .700 X 2ry WH? (52) 
400E/ 


These formulas have to be compared with equation (50), and in all three formulas 
(50) to (52), the weight of the building has to be computed from the average weight 
per linear foot in height of the upper half of the building. The increase of weight in 
the lower half has only a very small influence on the result, as can be seen imme- 
diately from the line of deflections in Fig. 11 to 13. 


The formulas (48) to (52) take into account bending only. We have now to con- 
sider the influence of the shear deflection on the period. If we consider only shear 
deflection, we can again assume a force acting at 5<H and will determine its value 
when it deflects the structure in shear just one unit length at that point. From (25) 
(26) and (45) it follows that 


- h2 (“) o (1 nO+6 ; 0) C (53) 
: he q ’ _n ' » 5 P oh 
12K, \1 no+ar 














Deflections and Vibrations in High Buildings 4101 


ip P28! = 
anc = D = he Fi P K ; es e* . . . TTerrrtr . e 


where C is a coefficient of diminution of the size of columns toward the top, and 


l’ \3 nO+6 > 
K = (- ) c (: a - n o)s hy cara . : (55) 
l nO+3 


Because the shear force F is assumed to be constant from the 5<H point to the base, 
no factor like 4 as used in equation (26) has to be applied here. 
The period for shear alone JT = 2nq= = 2r\- me eee (56) 
Fk 385E] 

The period in case of the combined action of bending and shear can be found as 
follows: We again assume a force acting at 54H and determine its value when the 
deflection at this point due to bending and shear is just one unit length. 

' - : (1.13)? H8 : 
From (48a) and (50), d, = P G, where G; = ——--——_ for bending 

12 xX 3 El 


From (54) d2 = P Gz where G. = wi of for shear 
‘ " 12EI, 
Adding, d; + ds P (G; + G,) 
and F s : (57a) 


d, + do Gi, + Gre 
and T = 2r¥ - = 2nWm(G, +G:) =2 W (G, + G,) . 


32.2 


te 
— 


PART 3-——EXAMPLES 


We shall assume a 30-story reinforced concrete building, 60 ft. wide with 3 bays, 
the wind bracing bent to be in the wall and to have to serve 35 ft., the columns to be 
2 ft. by 4 ft., lintels 1 ft. by 4 ft., H = 330 ft., E = 300 by 10® lb. per sq. ft. 
W = 30 X 60 X 35 X 150 = 9.45 X 10* lb., when 150 lb. is the average weight 

per sq. ft. of the upper part of building including walls and partitions. 
H* = approximately 36 < 10° 
I = approximately 2 X 2 X 4 X 30% = 14,400 ft.‘ 
I, = approximately 1 x 4°/12 
I,=2X 4/12, i = 19ft., U 15 ft.,,h = ll ft.,h’ = 7 ft. 


. 43/12 
From (48a), 2 = h’/l’! X I,/Ie = 7/15 X -——— = 23: 
2 X 43/12 
49 X 361 
0 h’2/h? P/U”? = .65 
121 X 225 
, nO+3 
From (44), ¢ aX ane C assumed 2.2 
nO + 4.5 
F 55). K 155 x .17(4 233 & .65 + 6 9 x 22 : 050) 
“rom (55), ee . + .29 X .65) 2.2 KX %& = .2 
198 ("233 X .65 + 3 sa : 
; 1.13? H 1.275 K 36 x 108 > 
G, «= = 8.65 X 1077 .(57b) 
12.3 El 12.3 « 300 & 10° & 14400 
MiskKk inn % OX 30 X .250 


= 8.95 x 107"... ....(57e) 


12E¥, 12 X 300 X 10° x 64/12 











“ 
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hence T for bending only 


From (50) = 1.13 X 2x y 9.45 X 10° X 36 X 10°, 3.26 sec............- (58) 
400 X 300 X 10° X 14400 








and for combined action 


-7 
From (57), T = or} 9.45 X 10° (8.65 + 8.95)10 
32.2 


The value of E = 300 X 10° per sq. ft. is probably too low for good concrete, heavily 
reinforced, and E = 600 X 10° is a more probable value, while for composite columns 
an E = 900X 10° is morein order. For E = 600 X 10° the periods of (58) and 
(59) become 2.31 and 3.24 seconds, respectively. For E = 900 X 10° the period of 
(59) will not entirely reduce to 1/¥3 of its value because the lintels have a probable 
E of only 600 X 10° and instead of 2.60 seconds it will be better to assume the period 
E. I. 
as 3 seconds, unless we re-compute all values of n, c, K, etc., on the bases of EJ 

g*¢@ 
for the correct period. We can use this example to show how to find the wind stresses 
according to the rules shown in part 1. 











For a 20-lb. wind the total wind pressure on the bent P = 330 35 & 20 = 231,000 
lb. The shear in the outside columns X,; = Pc = 231,000 XK .17 = 39,300 lb. 
The shear in the inside columns X, = 4 (P — 2 X .17P) = .33P = 76,200 lb. 
The maximum moment in the outside column m, = X,; h’/2 = 39,300 * 3.5 = 
137,600 ft.-Ib. The maximum moment in the inside column, m; = X, h’/2 = 
76,200 X 3.5 = 266,000 ft.-lb. The maximum moment in the lintel adjoining outside 
column M, = 39,300 < 11 « 15/19 = 340,000 ft.-lb. The maximum moment in the 
lintel adjoining inside column M, = 76,200 X 4% X 11 X 15/19 = 331,000 ft.-lb. 
Assuming the total dead, live and wind load on outside and inside columns to be 
1,000,000 and 1,500,000 lb., respectively, then the eccentricity of loading e = 
137,000 266,000 
1,000,000 ”" 1,500,000 
d = 3.33 ft., then e/d = .0412 and .0532. The author has shown (Proc. Am. Soc. 
C. E. Vol. 86, 1923, p. 1195) that eccentrically loaded reinforced concrete columns 
have their carrying capacity reduced from the concentrically loaded column by the 


1 


fraction 14314¢/d)" Building Codes generally allow a 50 per cent overload 


when wind stresses are considered, hence 1 + 3.14 e/d = 1.5, or e/d = .5/3.14 = 
-159. In our case the e/d are so much smaller than .159 that the columns do not need 
to be increased on account of windstresses. 





, respectively, and let the effective depth of the columns 


The relative shear deflection in the lowest story we obtain from equation (45) 
¥ 11? X 19 K 231,000 XK .17 X 15? .233 X .65 + 6 
~ 12 X 300 x 10° x 64/12 x 19° 233 X .65 + 3 


.005 ft. or .06 in. while at the top D = .06 XK 15 X 2.2 = 1.98 in. or .165 ft. 
For E = 600 X 10° and 900 X 10°, D = .0825 ft. and about .06 ft. respectively. 








+ .233 X .65) = 


The maximum deflection from cantilever bending, from equations (27), (32) 
1.35 & 231,000 36 « 10° 
8 X 300 X 10° X 14,400 
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for the two higher values of Z, this value reduces to .163 ft. and .108 ft., respec- 
tively. The total deflections due to shear and bending are .49 ft., .245 ft., .168 ft., 
respectively. 


This example shows that the moment of inertia of the columns and girders has a 
very large influence on the deflections and vibrations, therefore the New York 
practice of fireproofing the steel work of the wind bracing system with cinder concrete 
is to be condemned as unscientific and wasteful. Windbracing should be surrounded 
by rich concrete, eventually spirally reinforced, and the California practice of using 
reinforced concrete walls for high buildings is a far superior principle and nearly a 
necessity in tall narrow buildings. 


We have shown how to figure the deflections of tall buildings due to a steady 
wind load, also how to figure the period due to a single application or cessation of a 
disturbing force, We have still to show how to figure the amplitude of oscillations 
which are caused by the gustiness of the wind. The best information at present 
available on the structure of the wind has been published in Paper No. 20 by the 
E. R. D. of the University of Michigan, by Prof. Shattuck. He gives 4 diagrams of 
a so-called 50-mile wind; no regular period is shown, hence resonance is not to be 
expected for the lowest number of vibrations, although it is possible that there might 
be some resonance for periods of a fraction of a second which might agree with the 
higher vibrations (corresponding to overtones) of a structure, but then the resonance 
will hardly produce much larger amplitudes than the fundamental vibrations. The 
wind pressure per square foot is generally given as .0033v* where v is the velocity of 
the wind in miles per hour. For v = 50, p = 8.25 lb. per sq. ft. Prof. Shattuck 
shows that the velocity in the 50-mile wind varies from 40 to about 60 miles, or the 
pressures from 514 to 12 lb. per sq. ft., that is a variation of nearly 50 per cent from 
the mean. These diagrams also show the velocity rises from 40 to 50 miles in one 
second and from 40 to about 60 miles in less than 10 seconds. The greatest ampli- 
tude will occur when the building has just swung out farthest windward and at that 
moment a pressure increase starts. When this increase lasts just 4 period of the 
free vibration of the building then the increase of amplitude is given at the % 
point of H by the increase of wind pressure served by the wind bracing system, 
divided by F (from equations 57a, b, c). When the increase of wind pressure lasts 
16 period the increase of amplitude is just twice as great, while a longer increase of 
wind pressure will act like friction or a retarder. 


Assuming in our example the increase of wind pressure to be 2 lb. per sq. ft., 
lasting 4% period, then the increase of total wind pressure is 2 X 330 X 35 = 23,100 
lb., and from 57a, b, ce), F = 107/17.6, and the increase of amplitude 23,100 xX 
17.6/107 = .0405 ft. and about 2 & .0405 ft. = .081 ft. at the top of the building. 
For higher E the deflection will be correspondingly less. This is a very high value 
and would disturb the occupants of the building. 


It is a difficult matter at present to give limits of amplitudes for which buildings 
have to be designed. It is known that amplitudes of \ in. will prevent draftsmen 
from drawing a straight line. They will spill water out of glasses or washbowls. 
Pictures and chandeliers might swing unduly and window weights will hit the 
window boxes. People not used to tall buildings might be afraid of the safety of 
the structure. On the other hand people are travelling a great deal in automobiles 
and railroad cars nowadays and the shaking of these conveyances is so much greater 
than the vibrations of a well-designed building that serious physiological effects 
need be feared only in exceptional cases. 
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A pressure increase of 2 lb. per sq. ft. might happen in a 35 mile wind which 
probably often occurs each year. It is the minimum value for which the vibrations 
of a tall building should be designed. A 60-mile wind causes the windows and doors 
to rattle and it whistles noticeably, attracting the occupants’ attention more than 
the vibrations of the building, although vibrations might be 3 times as large as in 
a 35-mile wind. All parts of a building such as windows, doors, walls, partitions and 
entire stories have their own periods of vibration which are superimposed on the 
fundamental vibrations and these parts may cause inconvenience when the building 
as a whole behaves satisfactorily. 


PART 4—— EARTHQUAKE VIBRATIONS 


When the actuating force is applied to the base of a tall building the 
resulting vibrations are quite different from those caused by ordinary 
wind pressure. Instead of simple cantilever deflection we have in 
tall flexible buildings, complex vibrations with nodes and points of 
contraflexure. The solution of this problem requires the solution of a 
partial differential equation of a high order, which probably is not 
known, but the solution would be made easy by tests on simple bars 
which have the same period of vibration as the building to be investi- 
gated. 

There is need for further experimental data upon which to base 
the proper simplifying assumptions dealing with the deflections 
vibrations and stresses in tall buildings due to earth movements. 


Readers are referred to the JoURNAL for June, 1932, for discussion which may develop. 
Such discussion should reach the Secretary not later than April 15. 














Tests OF CONCRETE FROM A TRANSIT MIxXER* 


BY S. C. HOLLISTERT 


INTRODUCTION 


THe development of central mixing plants, both for the production 
of ready-mixed concrete for sale, and for the use of contractors on 
large operations, has resulted in focusing attention to plant lay-out, 
and to mixer design. From these considerations there has developed 
a new mixing device—the transit mixer-—-with operating functions 
different from the stationary mixer, and with new mixing principles 
involved in its design. In some parts of the country these mixers 
have come into considerable use. Several makes of such mixers have 
come upon the market in the last year or so; a few makes have been in 
operation a longer time. Only one make, the Jaeger truck-transit 
mixer, was studied and the results are presented here. 


This paper reports the tests of a variety of concrete mixtures made 
in l-, 24%-, and 4-cu. yd. Jaeger truck-transit mixers, the mixing 
time in some cases extending to 90 minutes. The fresh concrete was 
analyzed by means of the Dunagan apparatus to study the degree of 
uniformity of the conerete sampled at various periods of mixing. At 
each period of sampling, cylinders were molded, three being tested at 
each of 7 and 28 day ages; additional sets of three each are in storage 
to be tested at the age of one year. The tests were conducted under 
the author’s supervision at Columbus, Ohio, during the summer of 
1931. In all, twenty-two runs were made with transit mixers, involv- 
ing the making of over 800 cylinders. 


PURPOSE OF TESTS 


The purposes of the tests were (1) to determine the relation between 
the strength of the conerete and the time of mix; (2) the relation of 
time of mix to the degree of uniformity of the concrete produced; and 
(3) the relation of other observable features of the mixing operations 
to both strength and uniformity of output. 


*For presentation and discussion at the 28th Annual Convention, Washington, D. C., Mar. 1-4, 1932. 
Professor of Structural Engineering, Purdue University. 
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DESCRIPTION OF THE MIXERS 


The Jaeger transit mixer consists essentially of a drum mounted 
on a truck chassis, in which drum the concrete is mixed while being 
transported over the highway. The drum differs in form from the 
customary mixer drum in that in proportion to its diameter, it is much 
longer in the direction of the axis of rotation. The drum is entirely 
closed during the mixing operation; an air valve relieves the air 
pressure in the drum. The material is introduced through a hatch in 
the periphery of the drum and discharge is effected through a gate at 
the rear, centered on the axis of rotation. 

The arrangement of the blades in the drum is of particular interest. 
The main blade is a spiral attached to the periphery of the drum. At 
the rear end this blade widens until it very nearly reaches the axis of 
rotation. At the rear end also, the shell of the drum tapers from a 
cylinder into a truncated cone terminating at the circular rear gate. 
The widened spiral at the rear plays an important function during the 
mixing action; and when the drum is reversed in direction of rotation, 
this blade engages a large mass of concrete, carrying it to the rear for 
discharge. 

At the front end of the drum there are two blades inclined approxi- 
mately 45 deg. to the axis of rotation with their pitch sloping inward 
to the rear. These blades are called the “‘throw-back’’ blades, and 
they too perform an important function in the mixing action. 

Repeated observations disclosed that, due to a portion of the spiral 
blade being imbedded underneath the mass of wet concrete, the con- 
crete was carried up as the drum rotated. At a certain elevation 
this concrete then tended to roll or slide across the drum to the opposite 
side. As this sliding action was about completed, the broad portion 
of the spiral blade at the rear would reach an elevation such that the 
mass of concrete it engaged would be forced by a sliding action diagon- 
ally across the drum to the opposite side at the forward end. As the 
drum rotated still further, a similar mass engaged by the elevating 
throw-back blade would be forced to slide diagonally across the drum 
and to the rear. It was thus seen that the general action was one of a 
crosswise rolling and sliding motion, coupled with an immediately 
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following criss-cross action. The mixing action took place within 
the mass of the batch. 

The rotation of the drum is accomplished in the l-yd. mixer by a 
connection to the truck engine. Standard units in other sizes that 
were tested were equipped with a separate engine for operating the 
drum. 

MATERIALS USED IN THE TESTS 

The aggregates were shipped from Urbana, Ohio, to Columbus by 
rail. Upon arrival, the materials were thrown up in stock piles where 
drainage was possible. Both sand and gravel contained limestone 
particles as well as particles of granite and other harder substances. 
Many of the limestone pebbles were dented as though by the action 
of dripping water. There was in consequence some fluctuation in 
voids of the gravel, and hence also a variation in yield. 

The sand contained 2.6 per cent coarser than No. 4 mesh, 90.0 per 
cent coarser than No. 50 mesh and 98.6 per cent coarser than No. 100; 
mesh, as determined by the average of four samples. The fineness 
modulus of the sand was 2.945. 

The gravel contained 0.5 per cent coarser than 11%4-in. mesh, 73.5 
per cent coarser than 34-in. mesh and 99.9 per cent coarser than No. 4 
mesh, these results being the average of two samples. The fineness 
modulus of the gravel was 7.3. The average of two samples submitted 
to the Deval abrasion test showed average wear of 3.06 per cent. 

Lone Star cement was used on the majority of the tests. Near the 
end of the program the cement supply was interrupted and Lehigh 
cement was used. The strengths of both cements at 3, 7, and 28 
days, based upon the tensile strength of standard Ottawa sand mortar 
briquets, were practically identical. 

METHOD OF CHARGING MIXERS 


Batching was accomplished by the use of a 2-compartment overhead 
hopper discharging directly into a 2-compartment weighing hopper. 
Sand and gravel were batched by weight, the weight in each case 
being approximately corrected in advance for moisture content on the 
surface of the particles. During the process of discharging from the 
hopper into the weighing hopper, samples of each aggregate were 
taken, upon which accurate determination of surface moisture was 
made. 

The contents of the weighing hopper were, as stated above, con- 
tained in two pockets, one for sand and the other for gravel. Upon 
opening the gate of the weighing hopper, the two materials were 
allowed to discharge simultaneously directly into the drum of the 
transit mixer. The amount of aggregate possible to be weighed at 
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one time in the weighing hopper was sufficient for approximately 
1 cu. yd. of concrete. It was necessary, therefore, to make but one 
weighing for the l-yd. transit mixer, two weighings for the 24%-yd. at 
normal capacity, three weighings for the 24%4-yd. loaded with 3 cu. yd., 
and four weighings for the 4-yd. batch. 

Because the quantity of gravel in the weighing hopper exceeded 
the quantity of sand corresponding to it in the bateh, the sand was 
completely discharged from its compartment before the gravel com- 
partment was emptied. In this way there was bound to be a separate 
layer of gravel on top of the portion of combined aggregate that could 
be ribboned together during discharge. 

The reason for adopting this method of ribboning the sand and 
gravel, was that it is a practical field method in as much as this type 
of weighing device for batching purposes is now generally a part 
of the contractor’s equipment; that it would produce some inter- 
lacing of the two aggregates, and thus to some degree shrink the size 
of the cone of material formed in the drum while charging; and that 
because of the shrinkage of the cone of material it would permit fully 
charging the mixer without the necessity of further disturbing the 
pile of aggregates formed in the drum in order to provide space for the 
cement. 

_ The water required for the batch was next put into the drum 
through the charging door. The amount of water used in the charge 
was that amount determined by the design of the mix. After correcting 
for the assumed amount of water in the aggregate, the actual amount 
of water carried by the aggregate usually varied slightly from the 
assumed amount. The true water-cement ratio was, therefore, deter- 
mined from the actual determination of moisture in the aggregates. 

The cement was next placed directly on top of the pile of aggregates 
in the mixer. This procedure was adopted because it was felt that (1) 
it was likely to be a common procedure in the field where the batching 
equipment did not contain a cement compartment for ribboning the 
cement with the aggregates; and (2) because it would be less favorable 
to the performance of the mixer of the methods likely to be employed 
in the field. 

The foregoing procedure was used on nearly all batches mixed in 
transit mixers, the only exceptions being comparative tests on lami- 
nated charging. In this method the coarse aggregate was placed first 
in the drum, the sand followed, water was then added and the cement 
placed on top. This method of laminated charging was used on certain 
batches in order to determine a comparison of the effectiveness of the 
two methods of loading. 
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TEST METHODS 


The tests of the mixer performance were chiefly the determination 
of compressive strengths at 7 and 28 days and the analysis of the wet 
concrete. It was of course necessary to take a record of time intervals. 
Observations were also made upon the temperature of the batch, the 
air temperature, and the slump of the concrete mixture. 

All cylinders were made in molds of paraffined paper. The making of 
cylinders and the making of the slump test were carried out in accord- 
ance with the standards of the American Society for Testing Materials 
for these operations. 

Cylinders were capped 24 hr. after making, with neat cement. They 
were then stored, with the paper shell still retained, in a damp room. 
It was not possible to control the temperature of this room. For com- 
parative purposes, however, since all cylinders were stored therein, 
this condition was perhaps not so important. Temperature variation 
ranged from 80 to 95° F. 

For many of the mixtures cylinders were prepared for test at an 
age of 1 year. These cylinders are now stored in damp sand, 

The wet analysis was for the purpose of determining the amount 
of water, coarse and fine aggregates, and cement in a given amount 
of wet concrete mixture. The procedure is as follows: a quantity of 
wet concrete is carefully weighed in the air. It is then weighed 
immersed. It is then washed through a quarter-inch screen and the 
material passing that screen is further washed through a No. 100 
screen. The residues on the two screens are then weighed immersed. 

It is important in the above weighing procedure that the scales 
used shall have the sensitivity easily to detect at least 1/30,000 part 
of the original dry weight of material. 

It is next necessary to determine the specific gravity of both aggre- 
gates and the cement. 

The computations for determining the mix by absolute volume are 
as follows: The sum of the immersed weights of the residues on the 
two screens when subtracted from the total immersed weights, gives 
the immersed weight of material passing the finer screen. We now 
have available the separate weights, immersed, of the three divisions 
of solid material in the mixture. It is next necessary to convert the 
immersed weight of each solid into its corresponding weight in air, 
which can readily be done knowing the specific gravity of each solid. 
In this manner there are obtained the individual weights in air of 
the three parts of solid material. These, when added together, and 
subtracted from the original weight in air of concrete will give the 
weight of water in the original mixture. 
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Certain corrections are necessary in the foregoing procedure. It 
may be possible, for instance, that a small amount of material origi- 
nally contained in the coarse aggregate may, upon washing, be found 
to pass a No. 100 sieve. In a similar way fine material may also be 
included in the sand. It is therefore necessary to determine before- 
hand the percentage of each aggregate passing each of the two screens 
used. It will usually be found that the material from the aggregates 
passing the No. 100 sieve will be an appreciable percentage of the total 
cement content in the mix. If such is the case it is plain that not all 
material passing the No. 100 mesh can be considered to be cement. 
A pre-determined portion of such material must therefore be subtracted 
from the amount of such material, determined accurately by test in 
washing the sample of concrete, in order to determine the true residual 
cement content. 

It is very important in the process of sampling the concrete batch 
for wet analysis that a representative sample be carefully taken. A 
few extra pebbles allowed either to escape or to be included will 
seriously affect the accuracy of the results. 

If it is desired to determine the mix by volume, it will first be 
necessary to determine the percentage of the voids in the separate 
aggregates. 

Having computed the absolute volumes of the separate ingredients 
by the above procedure, and knowing the voids in the aggregates and 
cement, the mix by volume can be readily computed. In a similar 
manner the mix by weight may be computed. 


DISCUSSION OF TEST RESULTS 


Relation between Strength and Water-Cement Ratio 


The results of 7 and 28 day tests are all grouped in Fig. 1. Each 
point represents the average of from three to fifteen specimens. The 
relation between compressive strength and water cement ratio appears 
well defined. The results are all plotted from the tests made with the 
l-yd., 214-yd., and 4-yd. mixers, all charged in the manner previously 
described and operated at rated capacity. Several speeds for the 1- 
and 214-yd. mixers were tested. The plotted results cover mixing 
times varying from 40 revolutions of the drum up to 90 min. of mixing. 
Over 300 cylinders are represented on the chart. 

On the chart one other curve has been drawn, and marked (A). It 
represents the average of 28 day strengths as mixed by usual methods, 
as reported by D. A. Abrams.* It is noted that the transit mixed 
concrete strengths lie well above this curve (A) for corresponding ages. 


*A.C.1. Journnat, June, 1931, Proceedings Vol. 27, p. 1330, Fig. 5. 
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A number of tests of concrete mixed in the ordinary stationary type 
of mixer for one minute, but otherwise corresponding to batches mixed 
in the transit mixer, were made; but the range of such tests was not 
large enough to be reported here. These tests also indicated that the 
strength of concrete mixed 40 or more revolutions in the transit mixer 
was higher than similar mixes from an ordinary mixer after one minute 
of mixing. 
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Fic. 1. RELATION BETWEEN COMPRESSIVE STRENGTH AND WATER- 
CEMENT RATIO FOR ALL TRANSIT MIXED CONCRETE TESTS 


Minimum Time of Mix 


It was desired to determine, if possible, the requisite number of 
turns, regardless of mixer speed and regardless of constitution of the 
batch, which can be used with confidence by engineers and operators. 
Various studies indicated that with certain types of mixtures satis- 
factory mixing can be achieved in 20 turns of the drum, while some 
other types of batches require more than 20 turns. Assuming a rated 
charge of material for the particular size of mixer, similar results were 
obtained in the same number of turns upon similar batches. It was 
found that over the full range of mixtures studied, and for the manner 
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of charging the drum, 40 revolutions of the drum, regardless of drum 
speed, appeared to accomplish thorough mixing. 

So far as concerns strength, Fig. 2 well illustrates the con- 
clusion just drawn. The individual points are in nearly every 
case the average of three specimens, each of which has been mixed 
40 turns of the drum regardless of mixer speed and without discrim- 
ination as to mixer size. The curves shown on the chart were transferred 
to this chart from Fig. 1. It is thus seen that the individual points are 
well distributed along the curves. The strength of concrete mixed by 
40 turns was thus seen to be comparable to that mixed for longer 
periods. 
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Fic. 2—RELATION BETWEEN COMPRESSIVE STRENGTH AND WATER- 
CEMENT RATIO FOR TRANSIT MIXES TURNED 40 REVOLUTIONS 


Effect upon Strength of Prolonged Mixing 

It was desired to determine the effect of prolonged mixing upon the 
7 and 28 day strengths of the concrete. A number of batches were 
mixed for 60 or more minutes. The results of these tests are shown 
upon Fig. 3. Each point represents in nearly every case the average 
of three specimens tested. The tests here plotted were without regard 
to mixer size or speed of drum. The curves shown were borrowed 
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from Fig. 1. It isseen that the points distribute themselves consistently 
along the curves. The conclusion is that, so far as strength is con- 
cerned, 60 to 90 minutes of mixing show results comparable to the 
average results as shown on Fig. 1; i. e., mixing for 60 and 90 minutes 
produced neither increase nor decrease in the strength of the concrete 
as mixed shorter periods. 
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Fic. 3—RELATION BETWEEN COMPRESSIVE STRENGTH AND WATER- 
CEMENT RATIO FOR TRANSIT MIXES MIXED 60 TO 90 MIN. 


While the discussion relating to the effect of prolonged mixing upon 
the strength has already been given in connection with Fig. 1, 2 and 
3, it may be presented in a different way through Fig. 5, which is a 
composite of the strength results for four mixtures of approximately 
the same water-cement ratio. The results were taken from tests 
J11, J13, J14 and J16, having, respectively, water-cement ratios of 
8.22, 8.43, 8.22 and 8.38 gal. per sack, and mixed, respectively, at 
drum speeds of 8.8, 7.1, 8.8 and 10.0 r.p.m. All batches contain 5 
sacks of cement per cu. yd., with slumps varying from 1 to 7 in. 

It. will be noted that the three mixtures which were extended to 
60 minutes of mixing showed very uniform results, and that at 90 
minutes of mixing two of these showed consistently the same results. 
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This figure is typical of the individual trends of other batches of 
this program. 


The Effect of Regauging 


It was found during the conduct of the tests that the mixtures at 
first grew more workable and then, as mixing was further prolonged, 
increased in stiffness and at the same time appeared to increase in 
fatness. This experience accords with that of Professor Slater in his 
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Fic. 4 RELATION BETWEEN COMPRESSIVE STRENGTH AND WATER- 
CEMENT RATIO FOR REGAUGED TRANSIT MIXES 


test of a rotating drum agitator.* It was also found that some of 
the stiffening effect could be accounted for by a tendency of the sand 
to be reduced in size during the mixing action, The author believes 
that some of the stiffening effect is due to the physical change in the 
cement itself during hydrating. t 

*Teata of Concrete Conveyed from a Central Mixing Plant. W. A. Slater, Proce, A. 8. T. M., 1991, 


Vol. Il, p. 510 
tStudies of Concrete Mixtures; A.C. 1. Jounnatn, April, 1931, Proceedings Vol, 27, p. 050 
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The tendency in the field would be to add a small quantity of water 
to return the slump to its former condition when such stiffening of the 
mixture took place. It was desired in these tests to determine whether 
the addition of such water would materially affect the strength. 

Those specimens taken following such regauging are assembled in 
Vig. 4. The water-cement ratio used in plotting these results was the 
ratio after the water has been added. The curves shown in the figure 
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Vic. 6 —TypicaAL WET ANALYSIS OF TRANSIT MIX 


are those borrowed from Fig. 1. It is seen that the points distribute 
themselves along the trend of the curves. 

The results cover water-cement ratio changed ranging from 0.9 
to 2.0 gal. per sack added. The change in slumps ranged from 4 in. 
to 4% in. The tests were made upon 24% cu, yd, batches, The 
majority of additions of water were made after 60 minutes of mixing. 
The conclusions to be drawn from Fig. 4and within the range of con- 
ditions affecting these tests, is that the relation between strength and 
the water-cement ratio was not affected by the addition of water, so 
long as the water-cement ratio used corresponded to that obtained 
after regauging had taken place. 


Kffect upon Wet Analysis of Prolonged Mixing 


The general trend of wet analyses is shown in Fig. 6 which is a 
graph of the results obtained from series J16, one of those used in 
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plotting Fig. 5. ‘The general characteristics of this batch have already 
been given above. 

It will be noted that the wet analysis shows a very consistent sub- 
division of the four ingredients of the mixture. There was an apparent 
increase, however, in the quantity of material passing the No. 100 
mesh. Upon separately studying this problem, it was found that the 
sand was being reduced somewhat in size. A correction was applied 
to the data to take this pulverizing effect into account, which in this 
particular series reduced the cement content in the wet mixture to 
substantially a horizontal line. 


CONCLUSIONS 


Within the conditions of these tests the following conclusions appear 
to be justified: 

1. For practical ranges of mixtures, and regardless of mixer speed, 
40 revolutions of the drum adequately mix the batch when the charge 
is introduced by ribbon loading, and 60 revolutions of the drum 
properly mix the batch when the charge is placed by laminated loading. 

2. The speed of the mixer appears to have no effect upon the thor- 
oughness of mixing or upon the strength obtained for mixing periods 
of 40 revolutions of the drum or more when the charge is placed by 
ribbon loading. 


3. So long as the mix remains workable there appears to be no 
variation in strength for mixing periods varying from 40 revolutions 
of the drum to 1% hours of mixing. ‘Tests were not conducted beyond 
the latter period. 

1. There appears to be a regular relation between strength of con- 
crete at 7 and 28 days and water-cement ratio. The relation appears 
to be of the same form as for other usual methods of mixing. The 
strengths, however, seem to be somewhat above those commonly 
obtained with the usual one minute of mixing. 


5. Tests show that where water was added during the course of 
mixing to improve workability, the strength of the regauged concrete 
bore the same relation to the water-cement ratio after regauging as 
though the mixture had originally been made with that water-cement 
ratio, 


6. Overloading of this transit mixer required special charging 
methods and a longer minimum mixing time than 40 revolutions of 
the drum, 


Readers are referred to the Jounnar for June, 1932, for discussion which may develop. 
Such discussion should reach the Secretary not later than April 15, 
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STUDIES OF WoRKABILITY OF CONCRETE* 


BY T. C. POWERST 


SUMMARY AND CONCLUSIONS 


THIS PAPER reports a study of the workability of concrete mixtures 
by means of a new test, called the ‘“‘remolding test,’’ which measures 
the relative effort required to change a mass of concrete from one 
definite shape to another by means of jigging. The investigation is 
not completed, so this presentation of results is in the nature of a 
progress report. 

In general, it has been found that, for any specific materials, work- 
ability is determined by the combined effects of three factors: 

(a) The quantity of cement-water paste (including admixtures, 
if any) per unit volume of concrete. 

(b) The consistency of the paste—which is dependent on the 
relative proportions and the kinds of material of which it is 
composed. 

(c) The gradation and type of the aggregate. 

Specific conclusions regarding the effects of these various factors are 
as follows: 

(1) Paste Content 


When the aggregate gradation is constant, the mobility of a concrete mixture, as 
determined by the remolding test, increases with the paste content, except for very 
fluid pastes or the coarser gradations in which case maximum mobility of the concrete 
may be found at some intermediate paste content. 

(2) Consistency of Paste 


With both aggregate gradation and paste content fixed, stiffening the consistency 
of the paste may either increase or decrease the mobility of the concrete, depending 
on the gradation, and the initial consistency of the paste. 

(3) Kind of Materials Composing the Paste 


From the tests so far made it appears that when the paste content, paste con- 
sistency, and aggregate gradation are constant, the kind of materials of which the 
paste is made is of but secondary importance. This and the preceding conclusion 
refer specifically to pastes made of either cement or other insoluble powdered materials 
in water. 


*For presentation and discussion at the 28th Annual Convention, Washington D.C. March 1-4, 1932. 
tAssociate Engineer, Research Laboratory, Portland Cement Association, Chicago. 
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(4) Percentage of Sand 

(a) At constant paste content, increasing the percentage of sand decreases particle 
interference and also stiffens the mix. 

(b) For each water-cement ratio, gradation of coarse aggregate and degree of 
mobility (remolding effort), there is an optimum percentage of sand which requires 
the least quantity of paste; hence, the least cement. 


(5) Gradation of Coarse Aggregate (Basis of Comparison: Constant Mobility) 

(a) For combinations of three sizes of coarse aggregate—No. 4—%% in., 34-34 in., 
and 34-114 in.—changing the ratio between the last two sizes over a wide range made 
no difference in cement requirement, provided the optimum percentage of sand and 
pea gravel (No. 4—*%% in.) for each particular combination was used. In some com- 
binations a considerable range in percentage of pea gravel could be tolerated. 

This conclusion applies to concrete intended for sections in which the spacing of 
the reinforcement, or the size of the member sets a definite limit on the maximum 
size of coarse aggregate. 

(b) When compared on the basis of an arbitrary percentage of sand, the gradation 
of the coarse aggregate has an important bearing on the cement requirement for a 
fixed water-cement ratio and degree of mobility. But when compared on the basis 
of optimum sand percentages, the gradation of the coarse aggregate is of much less 
importance, permitting a considerable range in proportions to accommodate a 
shortage or excess of any particular size. This emphasizes the importance of designing 
mixes to suit available materials. 

(c) When combined with the proper percentage of sand, some “gap” gradings 
appear to be fully as economical as uniform or continuous gradings; however, no 
definite superiority was found. “Sized” coarse aggregates required more cement than 
either “gap” or continuous gradings. 

(d) The gradations requiring the least cement at a constant water-cement ratio 
are not necessarily those having the least voids in the mixed aggregate. 

(e) Proper proportioning makes possible the economic use of various types of 
gradings. 


(6) Type of Coarse Aggregate 
Preliminary tests show that crushed coarse aggregate requires higher percentages 


of sand and more cement for a given remolding effort than rounded gravel of the 
same gradation. 


(7) The remolding test is suggested as an aid in designing mixes where precise de- 
signing is an advantage. 


INTRODUCTION 


Investigations of concrete mixtures have long been hampered by 
lack of an adequate device for measuring workability. The study of 
aggregate gradation, or of admixtures, has provided fuel for con- 
troversy because of no way to determine when two mixtures were 
exactly comparable. In the field it has been possible to produce con- 
crete of adequate workability for a variety of conditions, but there has 
been no measure of this property more precise than visual observation. 
This often leaves in doubt the relative economy of mixes differing only 
slightly in cement requirement. Slump and flow tests have proved to 
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be very useful, but neither of them provides a reliable means of pre- 
dicting just how a given mixture will behave under field conditions. 

It would be very gratifying if it could be said that this difficulty has 
now been completely surmounted, but such is by no means the case. 
However, considerable progress has been made. A test, called the 
“remolding test’? has been developed. Although this test does not 
offer a complete measure of workability, it does appear to provide a 
good indication of the amount of placing effort which a mix will require 
under certain conditions. This test makes distinctions between mixes 
to a degree which was hitherto impossible and thus opens new fields 
in research, and in design of mixes. 

Briefly, the test measures the relative effort required to change a 
mass of concrete from one definite shape to another by means of jigging. 
The change in shape involves flow under conditions which can be varied 
at will. The amount of effort, called remolding effort, is taken as the 
number of jigs required to complete the change. A description of the 
method and apparatus may be found in Appendix A. 

Having developed the apparatus to what appeared to be a practical 
working stage, the object of the investigation gradually shifted to a 
study of concrete mixtures, partly because identification of the vari- 
ables was necessary to the evaluation of the apparatus, and partly 
because it seemed probable that new information on the general sub- 
ject of concrete mixtures could be had by means of the new test. This 
paper is in the nature of a progress report on these studies of mixtures. 

A comparatively new course was followed in the approach to the 
problem. In studying aggregate gradation, adherence to any mathe- 
matical or “ideal” grading curve was avoided. Likewise, no arbitrary 
proportions of fine to coarse were used (except in some preliminary 
tests), each coarse aggregate gradation being compared with another 
when combined with the proportion of sand best suited to the par- 
ticular gradation and richness of mix used. In general, no fixed mixes 
were used, each aggregate gradation being combined with such quan- 
tities of cement paste of fixed water ratio as would produce the con- 
sistencies desired. This permitted the study of workability on the 
basis of fixed paste quality. The method yielded data particularly 
amenable to the isolation of the several variables. 

NATURE AND SCOPE OF THE PROBLEM OF WORKABILITY 


Throughout the course of experiments on the workability of mix- 
tures, which have been under way intermittently for over a year, there 
has been in mind a certain hypothesis upon which all of the work has 
been based. The fundamental principle underlying this hypothesis 
ean be explained by means of an illustration: A herd of cattle being 








—_—_—_—_—_—_ 


422 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE — Proceedings 





driven along a country highway were forced by an obstruction to file 
through the ditch at the side of the road. Although the soil at a low 
point in the ditch was nearly saturated with water, the first of the herd 
passed dry-footed, but, by the time the last of the herd had passed, the 
trampling had reduced that spot of soil to mud, which, because it 
flowed freely under load, would allow the foot of an animal to sink to 
a considerable depth. Now, just exactly what was the essential 
difference between the final condition—mud—and the initial condition 
—saturated soil? In the initial condition the solids of the soil formed 
a comparatively rigid structure enveloping spaces—capillary pores 
more or less filled with water. The trampling of the cattle merely re- 
versed the structure; the continuity of the solids was broken up and 
the water became a continuous, enveloping body. Whereas the solid 
particles once formed a rigid structure, they were now each individually 
held in suspension by the enveloping body of water, and because of 
that suspension, a certain amount of free movement was possible. ‘The 
mass as a whole became more like fluid than solid-——specifieally, it 
became plastic. * 

Analogous to the soil in its initial condition, an unworkable conerete 
mixture is one in which the solid particles are locked together forming 
a more or less rigid structure. A workable mix on the other hand is one 
in which the solids are suspended by a completely enveloping, con- 
tinuous body of water. (Thus, the common nickname ‘mud’ for 
concrete is not at all inapt provided the mixture referred to is work- 
able.) In fact, as a general statement, it may be said that in all plastic 
mixtures of fluid and solid, the fluid forms a continuous body in which 
all of the solids are suspended and have some freedom for movement. 
This is the basic concept underlying this study of concrete mixtures. 

One phase, then, of the study of workability is that of finding those 
combinations of particle sizes which, when combined with a definite 
quantity of water, will be held in suspension by the water, forming 
plastic mass of desired mobility.t 

However, the study of concrete workability? cannot be confined to 
the study of plasticity alone, for the whole practical field includes 
many placing conditions under which the concrete may find its place 
not altogether by plastic flow. The process of placing concrete is taken 
to be one of remolding, that is, changing the shape of a mass of concrete 
from one form to another. In the field such a process is easily recog- 


*In the sense used in this discussion, ery ne A is that property of a maternal by virtue of which it 
may undergo the process of molding without losing its continuity— without rupture 


The word mobility is here used in the ordinary sense, implying ease of flow. It is analogous to 
fluidity as commonly used with reference to liquids 

tWorkability is that property of a plastic concrete mixture which determines the ease with which it 
can be placed, and the degree to which it resists segregation. It embodies the combined effect of mo 
bility and cohesiveness 
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nized in the changing of a batch of concrete from the shape of a rounded 
heap as dropped from a paver bucket, to that of the flat slab of the 
roadway. The mixture may be of such nature that when the mound is 
flattened the change in shape takes place entirely by means of plastic 
flow; that is, the amount of deformation required does not exceed the 
plastic limit.* On the other hand, the mixture may be such that a 
certain amount of the change in shape may take place by plastic flow 
and the remainder by what might be called a semi-plastic flow. In the 
latter case, the mass may lose, temporarily, its continuity; that is, 
some of the coarse aggregate may separate completely, or be carried 
half embedded (as it often is in a flow test), on top of the mass, to be 
later re-incorporated. 

The general study of workability, therefore, resolves itself largely to 
a consideration of the conditions necessary to plasticity, and of those 
factors which affect the degree of plasticity and mobility. The 
cohesiveness of a mixture, which is closely associated with the degree 
of plasticity, is also an important factor to be considered. However, 
because of the limitations of the remolding test, the studies so far have 
been limited to the effeet of the various factors on mobilit y— differences 
in cohesiveness and plasticity being evidenced only as they affect 
mobility under the restricted conditions of the test. 

The study has shown that the principal factors of mixture composi- 
tion to be considered are as follows: 

1. The quantity of paste. 

2. The characteristics of the paste 
(a) Consistency of the paste. 
(b) Kind of solids in the paste 

3. Characteristics of the aggregate. 
(a) Gradation. 
(b) Type. 

In addition, the severity of placing conditions must also be taken 
into account in evaluating the workability of a given concrete mixture, 
for a mixture plastic and mobile for one set of conditions may have 
these properties to an inadequate degree when used under conditions 
more severe. In the example given above, the mixture which could 
be successfully placed in a paving slab by a combination of plastie and 
semi-plastic flow, would be quite unsatisfactory under conditions of 
restricted flow where a higher degree of plasticity was necessary. 

It is anticipated that there will be objection to the statement that 
the placing condition is a factor in concrete workability. It will be 


*The plastic limit is the maximum deformation which a plastic body can withstand without losing its 
continuity. It is this limit which virtually determines the degree of plasticity of a body Under this 
definition, the degree of plasticity does not involve the ease with which a plastic can be molded Warm 
asphalt, for example, may be highly plastic, but at the same time not easily molded—not mobile 











424 JOURNAL OF THE AMERICAN CONCRETE INstTITUTE—- Proceedings 


contended by some that workability is an inherent property of the 
mixture and is therefore not dependent on the placing conditions. 
This is largely a matter of definitions. As the terms have been used in 
this discussion, the degree of plasticity and cohesiveness are inherent 
in the mixture, but the degree of mobility, the other half of workability, 
depends upon the placing conditions. A mixture mobile under one 
condition, may not flow at all under a condition more severe. Further 
discussion may be found in Appendix ‘‘A.”’ 

LAYOUT OF TESTS 

It will be noticed that in the above list of variables no specific 
reference is made to the water which, in reality, forms the continuous 
medium in concrete mixtures. It has been found more convenient to 
consider the paste* made of cement or other fines and water as the 
continuous body, instead of water alone. This affords:a much simpler 
approach to the study than the possibly more correct one of considering 
the water alone to be the continuous body: Treating the paste as the 
vehicle is also more in line with the modern practice of dealing with 
cement paste as a unit in designing concrete mixtures. It reduces the 
problem to a consideration of two main variables— paste and aggregatc 

instead of at least three variables—water, cement, and aggregate. 

Although the qualitative relation between the paste and aggregate 
may be considered to be the same as between water and all of the solids, 
the quantitative relation is, of course, different. What might be called 
the carrying-capacity of a paste—-which is necessarily less than an 
equal volume of water—-would be expected to be a funetion of the 
consistency of the paste. 

Details regarding the mixtures used and the method of controlling 
variables will be found in Appendix “B.”’ Briefly, the test procedure 
consisted in making up 4-cu. ft. batches and testing each for con- 
sistency by the slump test, and for mobility by the remolding test. 
Kach coarse aggregate combination was tested with three or more 
proportions of sand, and with each proportion of sand it was tested 
with four or more proportions of cement paste of fixed water ratio so 
as to produce consistencies ranging from dry to wet. The method used 
in analyzing the data will appear later. 

CHARACTERISTICS OF PASTE 

There will be considered first some factors affecting the character- 
istics of the paste alone. 

In Fig. 1(a) is shown the relation between consistency (as determined 
by the rate of flow through a tube) and composition for pastes_made 


*Any combination of fine materials and water in proportions which form a plastic mixture. 
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with cement or various other materials. It will be noted that in all 
cases the higher the proportion of solids the lower the rate of flow; 
that is, the stiffer the consistency. The mechanics of this simple 
phenomenon will be of interest in connection with the later discus- 
sion of the whole concrete mixture. 
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FLOW) TO COMPOSITION OF PASTE FLOW RATE DETERMINED BY TIMING 
FLOW OF PASTE UNDER A PRESSURE OF 1 LB. PER SQ. IN. FROM A 100 
C.C, PIPETTE 


According to the foregoing discussion, a mixture has plasticity be- 
cause the solids are in a state of suspension. Suspension of heavy 
materials by a lighter medium is made possible by the force of surface 
tension. Water, when extended to film thickness over a surface, be- 
haves like a rubber membrane and is capable of exerting considerable 
force. It is this foree which holds the heavy particles in suspension, 
thus preventing one particle from coming in direct contact with 
another. The foree is of such magnitude that, with properly graded 
materials, as much as 19-lb. of solids may be suspended by one 
pound of water without complete loss of plasticity. When the number 
of particles in a given volume of water is increased, the particles are 
less free to move, first because the total surface exposed to the water is 
greater, thus increasing the total tension in the mass; and second, be- 
cause the particles are crowded closer together, giving rise to more 
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particle interference* during flow. The result is a stiffening of the 
paste as shown by Fig. l(a) The upper limit of particle concentration 
is marked by the beginning of crumbling—evidence that the con- 
tinuity of the suspending body of water has been destroyed. 

Conversely, a reduction in particle concentration resultsin a greater dis- 
persion, a reduction in the total force of surface tension, greater freedom 
for the individual particles; and hence, greater paste mobility. 

FACTORS LIMITING SUSPENSION OF SOLIDS IN WATER 

It will be noted in Fig. 1(a) that fora given flow-rate, the proportion 
of solids to water is considerably different for different materials. For 
a flow-rate of 12.5 ce. per sec. the proportions of solids in the Celite 
paste, for example, is 11.5 per cent by absolute volume (20.0 per cent 
by weight) as compared with 38.2 per cent (66.5 per cent by weight) for 
the cement paste. In order to account for this difference between the 
two materials it is necessary to consider the difference in fineness. — If 
it may be assumed that a certain minimum amount of water is re- 
quired to wet a given surface (of course, the minimum might be 
quite different for different kinds of surfaces) it is obvious that the 
more finely divided material with its greater surface area will require 
more water per unit absolute volume. Or conversely, a given quantity 
of water can suspend less of the finer material to form paste of a given 
consistency. Although there are other influencing factors, the amount 
of solids which can be suspended in water depends largely upon the 
average size of the solid particles. 

In the range of particle concentrations found in concrete mixtures 
there is, for a series of sizes up to a given maximum, a certain average 
size which cannot be exceeded and at the same time preserve plasticity. 
Therefore, in order to make an appreciable increase in the amount of 
suspendable solids it is necessary to increase the maximum size to 
which the material is graded. The import of this is brought out by the 
following tabulation which illustrates the influence of the maximum 
size of a graded series of particles on the maximum amount of solids 
which can be carried by l-cu. ft. of water to form a plastic mass of 
given mobility. 





Maximum Size to Which Suspended Solids 
Particles are Graded | cu. ft, 

inches (absolute volume) 

| 
0.0038 1.40 
0.180 | 4.40 
0.375 5.00 
0.750 5.60 
6.000 7.75 
These values are for concrete mixtures ranging from neat paste up to mixes suitable for mass econ 


struction. 


*Particle interference is the resistance to flow set up by the deflections required of particles attempting 
to pass each other in adjacent planes. It does not necessarily imply their direet frictional contact 





—_—_—_—_—_—X—— ee 








Studies of Workability of Concrete 427 





A 5.07gQ/ per sk 6. 5 785 go! Dersk 
j 


7 




















a ie a 
‘ol. of All Matervals 




















» Cantent 


ast 























x | 3540 45 8030 38 40 45 S508 388 40 45 50 
Per cent Sand by weight of Tots! Aqqreaate 
hic. 2--RELATION OF REMOLDING EFFORT TO PASTE CONTENT AND 
SLUMP; ALSO BETWEEN PASTE CONTENT AND PERCENTAGE OF SAND IN 
AGGREGATE, COARSE AGGREGATE GRADATION; 25 PER CENT NO, 4-5¢ 


IN., 25 PER CENT 39-34 1N., 50 PER CENT 94-14% IN, 


Kach point represents a single test. 
made on the same day. 
spectively. 


Points of the same kind represent tests 
Diagrams C, F, and I are derived from A, D, and G re- 


Points are shown on only a few curves to avoid confusion, 'Ring 
clearance 25¢ in. 








ener conc EE. 


428 JOURNAL OF THE AMERICAN ConcreTE INstiITUTE-—Proceedings 


FACTORS OF MIXTURE COMPOSITION 

Effect of Amount of Paste 

Fig. 2A, D, and G, show the relation of remolding effort to the cement 
paste content for concretes having different gradations and water- 

cement ratios. It is interesting to compare these diagrams with Fig. 
1B, which shows the same data as 1A in different units. The time of 

| flow for the paste may be compared with the number of jigs required 
in the concrete test, and the per cent of water in the paste with the 
per cent paste in the concrete. The analogy is obvious. Just as an 
increase in the per cent of water in the paste reduces the number of 
seconds required, an increase in the per cent of paste in the concrete 
reduced the number of jigs (remolding effort) required. The mechanics 
involved must also be similar. At a low paste content (high aggregate 
concentration) the total surface tension per unit of volume and the 
effect of particle interference are greater; hence, the mix is stiffer and 
less mobile than at some higher percentage of paste. 
Effect of Percentage of Sand 

A further analogy between the paste and concrete is discernible. 
Diagram 2D for example shows that for a given remolding effort, 40 
| per cent of sand (coarser grading), requires less paste than 50 per cent 
sand (finer grading), just as in Fig. 1 fora given rate of flow the coarser 
material (cement) requires less water than a finer one (Celite). How- 
ever, certain differences are also apparent. It will be noticed that with 
a still coarser grading, 35 per cent sand, more paste is required for a 
given remolding effort than with 40 per cent sand. This may be ex- 
plained by the fact that in concrete mixtures, where the size of par- 
ticles is great, as compared with the distance between them, particle 
interference plays «a major role in determining workability. Thus, 
with the lower percentages of sand more paste and hence a relatively 
wetter consistency * 
is required to offset the harshness. This can be seen in Fig. 2h where 
the relation between remolding effort and slump is shown for the same 
mixes as in 2D. Increasing the paste is effective only up to a certain 
point. When the paste content reaches this point, dispersion of the 
aggregate is at maximum. Further increase in paste content causes 
no further decrease in particle interference, but, by an inundating 
effect, may cause an increase in particle interference, thus offsetting 
the mobilizing effect of the paste. 

It is seen, then that changing the percentage of sand has two 
opposing effects. With a given quantity of paste, decreasing the 





*In thin discussion, the slump test is taken to be a measure of consistency of concrete. Tt may be 
helpful to know that a change of O.1 in paste content results, in the intermediate range, in a change 
of slurp of about 2 or 3 inches 
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percentage of sand decreases the surface area and hence, surface ten- 
sion, thus tending to increase the mobility of the mixture. Opposed 
to this is an increase in particle interference brought about by a greater 
predominance of the larger particles. At some percentage of sand these 
two effeets must balance each other, giving a mixture requiring the 
least remolding effort for that particular paste content. 

In this paper, however, it is assumed that the practical problem in 
studying mixtures is not to find the best aggregate combination for a 
given quantity and quality of paste, but to find the combination re- 
quiring the least paste of a given quality for a given degree of work- 
ability. On this latter basis, Diagrams C, I, and 1, derived from 
diagrams A, D, and G, respectively, show the relation of paste content 
to the percentage of sand for a given remolding effort. The gradation 
of the coarse aggregate is, of course, constant. 

These diagrams will perhaps be more easily explained if attention is 
centered on one of the curves. For example, the curve next below the 
top curve of diagram IF shows the amount of cement paste (water 
content 6.37 gal. per sack) necessary to produce concrete requiring a 
remolding effort of 30 jigs in relation to the percentage of sand in the 
aggregate. For the mixture with 35 per cent sand, the curve shows that 
the paste content required was .275 per unit volume. It was noted in 
the test that the mixture represented by this point was of rather wet 
consistency but somewhat harsh; that is, the particle interference was 
rather high, and the degree of plasticity rather low. By increasing the 
sand percentage to 39.0, the proportion of paste required was reduced 
to .257. This mixture was of slightly drier consistency than the first, 
but the inerease in the proportion of sand sufficiently reduced the 
particle interference to preserve the same remolding effort. A further 
increase in the percentage of sand without addition of paste would have 
further stiffened the mixture, and particle interference would have been 
still further reduced. The faet that it is necessary to increase the 
quantity of paste in order to bring the remolding effort back to 30, as is 
shown by the curve, indicates that the stiffening of the mix would 
outweigh the effeet of reduced particle interference. 

The Optimum Percentage of Sand 

Thus, it is seen that for a given water-cement ratio and remolding 
effort, there is a distinet optimum percentage of sand-— optimum from 
the standpoint of cement requirement, volume change and a few other 
properties which are enhanced by low cement contents. 

Comparison of the three families of curves in the bottom diagrams of 
hig. 2 indicates that the optimum percentage of sand is affected by the 
water content of the paste. Fig. 3 shows that this relation is orderly, 
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the pastes of highest water content requiring the highest proportion 
of sand. 

It is apparent also that the greater the degree of mobility required, 
the higher the sand content should be. 
_ Although the optimum percentages of sand are all in the neighbor- 
hood of the proportion giving maximum density for the mixed aggre- 
gate, it is apparent that maximum density is not the proper criterion 
by which to determine the proportion of sand. 


Effect of Consistency of the Paste on the Mobility of the Concrete 

The effect of the consistency of the paste on the mobility of concrete 
is of particular significance with reference to the question of admix- 
tures, as will appear in this and the next section. Fig. 4 was derived 
from the top diagrams of Fig. 2. It shows the relation of mobility of 
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the concrete, in terms of remolding effort required, to the composition 
of the cement paste, when the volume of the paste is constant. The 
different diagrams show this relationship for different aggregate 
gradations. 

It will be noted that as the amount of water per sack of cement is 
increased, thereby increasing the mobility of the paste (see also Fig. 
l(b), there is, in general, an increase in the mobility of the concrete. 
Thus, in diagram 4A the curve for .30 paste content shows that the 
concrete required a remolding effort of 46 jigs when the water content 
of the paste was 5 gal. per sack. But, by replacing some of the cement 
with water, keeping the total volume constant, the concrete increases 
markedly in mobility. It will be noted, however, that for the gradation 
shown in diagram 4B the curves seem to reach a minimum point beyond 
which further increase in the mobility of the paste does not reduce the 
remolding effort. And in 4C, where the coarsest aggregate gradation 
is represented, it is clearly seen that there is a point beyond which an 
increase in the mobility of the paste actually decreases the mobility 
of the concrete. The coarser the gradation, the more pronounced this 
effect. It follows that if a given mixture is of a composition represented 
by a point to the right of the low point on one of the curves, to stiffen 
the paste by increasing the proportion of cement would increase the 
mobility of the concrete. On the other hand, if the mix is one rep- 
resented by a point to the left of this low point, such a change in 
mobility of the paste would reduce the mobility of the concrete. 

It is apparent that for a given paste content, and with some grada- 
tions, there is an optimum paste consistency for the lowest remolding 
effort. This minimum point is evidently that at which the effect of 
increasing the mobility of the paste is just offset by increased particle 
interference of the aggregate brought about by the thinning of the 
paste. The importance of the gradation of the aggregate in this 
matter is obvious. 


Effect of Kind of Material Composing the Paste 


The above discussion dealt with changes of composition in the paste 
due to changes in proportions of cement and water. The mobility of 
the paste can also be changed by changing the kind of material of 
which it is composed. This phase of the study is only well begun so 
that at present the data are largely limited to pastes made of Celite or 
cement, and blends of these two materials, using water as the vehicle. 

In this part of the study Celite and cement pastes were each used in 
several proportions with an aggregate of fixed gradation so as to 
produce a range of consistencies. The results are shown in Fig. 5. It 
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will be seen that concrete of a given remolding effort can be made with 
either cement or Celite paste. It is of particular significance that the 
composition of the Celite paste giving the same remolding effort as an 
equal volume of cement paste containing 6.3 gal. per sack, is in the 
neighborhood of the composition of the Celite paste giving the same 
flow rate as this particular cement paste (see Fig. 1). This suggests 
strongly that when the aggregate factor is constant, the consistency 
and quantity of paste are the primary factors determining the mobility 
of concrete, the kind of materials composing the paste being of but 
secondary importance. 

It suggests also that the relative amounts of different materials 
required to produce the same effects on the mobility of concrete may 
be closely estimated from the relative amounts of each required to 
produce pastes of the same volume and consistency. 

The reason for the noticeable lack of parallelism between the cement 
curve and the Celite curves is not apparent as yet and is being given 
further study. It may be due to properties inherent in the materials, 
to differences in the stiffening effect of the aggregate, or to experi- 
mental difficulties not yet overcome. It was very difficult to pick up 
all of the Celite paste adhering to the mixing pan in the mixes in which 
no cement was used, and that might account for part of the divergence 
of the curves. 

Pastes of Mixtures of Cement and Celite 

As for the blends of the two pastes, tests on the pastes alone showed 
that if a cement and a Celite paste (made with lime water*) have the 
same consistency before blending, they will have the same consistency 
after blending. Then, if that degree of workability given by a certain 
volume of paste of given consistency is desired, the amounts of Celite 
and cement required to give a paste of the required consistency, 
volume, and cement content can be computed from the compositions 
of the separate pastes of that consistency. Tests in concrete showed 
that with the methods so far developed, computations on this basis 
give approximately correct results, but it is usually necessary to make 
some adjustments in consistency by small adjustments of water 
content. 

Effect of Admixtures on Mobility 

It will be of interest to examine the practical aspects of the use of 
admixtures in the light of these experiments. First, the addition of the 
fine materials to concrete should be considered as affecting primarily 
the properties of the paste. For example, when Celite is added to a 


*A Celite paste, when made with lime water, has a greatly different consistency than when made with 
the same volume of pure water. It was found that cement in combination with Celite had the same 
effect as lime; therefore, all Celite pastes were made with lime water. 
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mixture without additional water, it reduces the mobility of the paste 
for reasons explained previously. It also increases the volume of the 
paste by its own displacement, usually a very slight amount. The 
increase in volume of paste is generally beneficial to workability (with- 
in limits), but the effect of reducing the mobility depends on other 
factors, such as character and grading of the aggregates and the initial 
consistency of the paste. 


If, as the experimentsindicate, the kind of material is of comparatively 
little importance, the effect of an admixture on mobility can be predicted 
from Fig. 4, which was described under the heading “Effect of the 
Consistency of the Paste on the Mobility of the Concrete.’”’ From the 
previous discussion of this chart it can be seen at once that the re- 
ductions in paste mobility may either reduce or increase remolding 
effort required. If the concrete to which the admixture is added could 
be represented by a point on one of the curves in Fig. 4 to the right of 
the low point, then an addition of some powdered admixture without the 
addition of water should improve the mobility of the concrete. If, on 
the other hand, the mixture was represented by a point to the left of 
the low point of the curve, to add a powdered admixture would de- 
crease the mobility of the concrete. It will be recalled that the same 
statements applied when the effect of cement was discussed. 


It is significant, also, that the higher the proportion of sand the 
farther to the right, that is, the higher the water-cement ratio, at which 
the lowest points on the curve fall. For a grading having 35 per cent 
sand, and for a paste content of 0.28, it is apparent that if the paste in 
a mix of this nature has a consistency wetter than about that of a 
cement paste of 6 gal. per sack, the mix would be improved by stiffening 
the paste. On the other hand, with 50 per cent sand the optimum 
paste consistency is apparently somewhat wetter than the consistency 
of a cement paste of 8 gal. per sack. Thus, the amount of an admixture 
to use, if any, is affected greatly by the proportion (and, doubtless, 
type) of sand in the aggregate. 


If, as in the usual practice, water is added along with the admixture, 
the resulting increase in paste volume will itself reduce the remolding 
effort required. But any resulting change in the mobility of the paste 
might or might not be beneficial to the mobility of the concrete, as 
pointed out above. 


It is realized, of course, that mobility is not the whole story in work- 
ability and that some mixes lacking in mobility have desirable co- 
hesiveness. However, a certain degree of mobility is indispensable, and 
cannot be sacrificed for cohesiveness. 
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Incidentally, it can easily be seen why there is so much difference of 
opinion regarding the use of admixtures. Those investigators or users 
of concrete who have habitually worked with lean mixtures or with 
high water-cement ratios, or who habitually work with low percentages 
of sand, or sand deficient in the finer sizes, are certain to be convinced 
of the worth of whatever admixture they happen to be using. On the 
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other hand, those who habitually work with the richer mixes, or with 
the higher proportions of sand, are usually of the opinion that ad- 
mixtures are of little or no value. It now seems apparent, and is 
offered as a tentative conclusion, that almost any of the admixtures of 
this type, as well as portland cement itself, can be made to serve the 
purpose of improving the placing properties of concrete under the 
conditions cited above. The effectiveness of admixtures is limited to 
the maximum effect attributable to the paste part of the mixture. It 
should not be overlooked that equal or greater changes may be effected 
by changes in the aggregate gradation. 


Effect of Gradation of the Coarse Aggregate 


Elgin gravel coarse aggregate was used in combination with Elgin 
sand. In choosing gradations to be tested all mathematical or ‘“‘ideal’’ 
curves were avoided, the gradations being made up so as to cover all 
possible combinations of the 3 sizes: No. 4-3¢ in., 44-34 in., and 34-14% 
in., as shown by the following schedule: 
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Composition of Coarse Aggregate—% by Weight 
4-34 in 4-34 in 34-1% in 


Group A— Ratio of Intermediate to Large Size 0/100 


0 0 100 
15 0 8&5 
0 0 70 
50 0 yw 
100 0 0 


Group B-—Ratio of Intermediate to Large Size 25/75 


0 25 75 
15 21.3 63.7 
30 17.5 52.5 
ww 12.5 a7.5 
100 0 0 
Group C tatio of Intermediate to Large Size 40/60 
0 i oo 
LS 34 51 
30 2s 12 
w 20 30 
100 0 0 
Group D—Ratio of Intermediate to Large Size 60/40 
0 oo Ww) 
15 51 34 
30 iv 2s 
SO 3O 2» 
100 0 0 
Group E-—Ratio of Intermediate to Large Size 100/0 
0 100 0 
15 SO 0 
30 70 0 
mw) 0 0 
100 0 0 


Further details regarding the materials, unit weights, ete., will be 
found in Appendix “B.”’ 

It will be seen that in any one group, the ratio of the two largest 
sizes is constant, but that it changes progressively from group to group 
until one size completely replaces the other. Also, in each group, the pea 
gravel (No. 4-3 in.) gradually replaces the combination of larger 
sizes. With each of these coarse aggregate combinations, three or 
more proportions of sand were chosen so as to provide points near to 
and on both sides of the optimum for that particular gradation. 

Kach combination of fine and coarse was tested at 4 or more con- 
sistencies, using a cement-water paste of 6.3 gal. per sack. The opti- 


mum percentage of sand was found for each coarse aggregate gradation 
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by the method shown in Fig. 2C, F, and I, and described under “Effect 
of Percentage of Sand.”’ In each group (where the ratio between the 
two largest sizes was held constant), the optimum percentage of pea 
gravel was determined by a similar method, as shown in Fig. 6. Plot- 
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ting the cement requirement at optimum percentage of sand against 
the corresponding percentage of pea gravel in the coarse aggregate 
showed the best proportion of pea gravel for the particular combina- 
tion of the two larger sizes represented by that group. Then, the best 
combination of the two larger sizes was determined by comparing the 
lowest points of each group. 
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It will be noticed that in any of the groups, there is surprisingly 
little difference in the cement requirements of the various gradations 
in a range of 0-50 per cent pea gravel, except in group A. And when 
the lowest points in each group are compared (diagram F, Fig. 6), it 
is seen that there is practically no difference in the cement require- 
ments of those mixtures containing *4-1%-in. aggregate, and very 
little more cement is required when the largest size is omitted (group 


I). 
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This seems to be decidedly at variance with common knowledge, for 
it has long been known that the gradation of coarse aggregate has a 
marked effect on the cement requirement. The reason for this apparent 
discrepancy between experience and these test results is revealed by 
Fig. 7 in which the comparison is made at an arbitrary percentage of 
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sand instead of at the optimum. Here, the cement requirements in the 
various groups are seen to be sharply affected by the percentage of pea 
gravel. In fact, when the percentage of sand is fixed, the cement re- 
quirement seems to depend almost entirely on the percentage of pea 
gravel, for in diagram F, where the lowest points in each group are 
compared, it is seen that there is little to choose between the various 
ratios of the two larger sizes. Nevertheless, to vary appreciably from 
the optimum percentage of pea gravel would have a marked effect on 
cement requirement, especially at the lower values of remolding effort. 

Thus, it is seen that by properly adjusting the proportions of sand, 
a wide variety of coarse aggregate gradations can be used with little 
or no effect on cement requirement. But, when an arbitrary propor- 
tion of sand is used, the proportion of pea gravel is very important. 
Some range in ratios between the two largest sizes can be tolerated, 
however. It is noteworthy also, that the best gradation of coarse 
aggregate for a particular proportion of sand may require more cement 
than when the optimum percentage of sand is used. Compare Fig. 
6F with 7F. 

That these test results and conclusions are not a mere fluke of the 
test method is evidenced by the fact that all of the 0-114-in. gradations 
in Fig. 5F gave practically the same slump for a given remolding effort. 
However, the 0-%4-in. gradations gave slumps about | in. less, and the 
0-34 in. (shown in the other charts) considerably less than the 0-11% in. 
It may be necessary to emphasize that these results should not be 
construed to mean that variation in coarse aggregate gradings, due to 
segregation, ete., does not have an important effect. In practice, it is 
not possible to make compensating changes in sand proportions to 
accommodate frequent variations in coarse aggregate. A wide variety 
of gradations may be accommodated, but not wide variation. 


Influence of Maximum Size of Aggregate 


Something of the effect of maximum size has been brought out in 
discussions earlier in the paper, but it may be seen more clearly in Fig. 
8. As the maximum size increases from .18 in. to .75 in., the cement 
requirement is greatly reduced, but further increase in size does not 
produce much change. It should be kept in mind that the larger- 
sized particles, while they tend to increase the amount of solids which 
can be suspended by a given amount of paste, also tend to impede flow 
under the restricted conditions of the remolding test. If an apparatus 
twice as large were used, with a ring clearance proportionately greater, 
the differences in cement requirement between the °4 and 1% in. 
maximum would probably be considerably greater. It is known from 
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experience that, in general, the cement requirement is reduced with 
increases in the size of the aggregate considerably beyond 14in. For 
example, a mix with a 6 in. maximum size, which was probably com- 
parable in workability to a remolding effort of 30, required about 4.2 
sacks per yd. at 6.5 gal. per sack. Therefore, the results shown in Fig. 
7 should apply only to conditions where the size of the section, or 
spacing of the steel, imposes conditions comparable to those of the test. 
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Gap Grading and *‘Sized” Materials 


Studies of aggregate density generally show that gradings in which 
the intermediate sizes are omitted have the least voids and, therefore, 
it is contended by many, should be more economical than continuous 
gradings. The narrowing of size-range (‘‘sized’’ material) to avoid 
segregation without the use of multiple stock piles is also finding favor. 
Therefore, “gap gradings” and “‘sized’”’ materials are of interest. 


The cement requirements of “‘gap gradings’? and “sized’’ coarse 
aggregate derived from Fig. 6 are shown in Table 1, (water content 
6.3 gal. per sack): 

It will be seen from a study of the above tabulations that, in general, 
very little range in cement requirement is shown among the different 
types of gradings. ‘This brings out the fact that it is not necessary to 
waste any particular size to secure economy. Furthermore, it shows 
the feasibility of using fewer sizes as a means of minimizing segregation 
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when intermediate sizes can be economically omitted. It must be re- 
membered, however, that these comparisons are made at the optimum 
percentages of sand. As brought out elsewhere in the paper, the 
comparison here referred to would have a very different aspect when 
an arbitrary proportion of sand is used. This emphasizes the possibili- 
ties that are open when mixtures are designed to make the most 
economical use of available materials. 


TABLE 1 





Cement Requirement—Sacks per cu. yd. at 


Composition of Coarse Aggregate | Remolding Effort Indicated Voids in 
ee a ee — ee pees ee ee ee ————— Coarse 
4-% in. | %-% in. | 34-114 in. | 20 30 40 5O Aggregate 


“Sized"’ Material— Narrow Range 








P 100 6.00 5.65 5.45 5.30 38.5 
thee 100 we 5.70 5.45 5.20 ». 10 37.4 
100 ‘oes ioe 6.25 6.00 5.85 5.75 35.8 
Continuous grading (No. 4-114 in.) 5.60 5.35 5.15 4.95 33.0 
“Sized"’ Material— Wider Range 

0 100 6.00 5.65 5.45 >. 30 38.5 

25 75 5.85 5.55 5.25 ».05 3S 
40 60 5.70 ».40 5.25 ».10 37.4 
j 60 40 5.75 5.45 5.25 ».10 37.4 
oelte 100 0 5.70 ».45 5.20 5.10 37.0 
Continuous grading (No. 4-114 in.) 5.60 5.35 5.15 4.95 33.0 

“Gap” Grading 

35 0 65 9.65 5.35 5.10 4.95 31.0 
0 100 0 5.70 5.45 5.20 5.10 37.4 
Continuous grading (No. 4-114 in.) 5.60 5.35 5.15 4.95 33.0 





Effect of Type of Coarse Aggregate 


The effect of type of aggregate has not been given extensive study. 
The tests made indicate that crushed coarse aggregate requires a 
considerably higher proportion of sand and more cement than rounded 
coarse aggregate of the same gradation for the same remolding effort 
and water-cement ratio. 


DESIGNING MIXES 


The results of this study of gradations adds new emphasis to the 
importance of designing mixtures to utilize local material, or to produce 
quality concrete at minimum cost. Efforts in this direction have 
resulted in much improvement, although there have been numerous 
instances where ‘designed’ mixes were not all that they should be. 
This is usually due to failure to recognize that the final step in de- 
signing by whatever method should be to try the mix and make such 
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adjustments as are needed to secure the necessary workability. No 
method has ever made it possible to determine the exactly correct 
proportions for any or all materials, entirely from measurements made 
on the separate ingredients. The characteristics of the materials and 
the conditions peculiar to the job must be taken into account in almost 
every instance. 

Moreover, the meticulous designing of a mix is likely to be a futile 
effort when the aggregate gradation is subject to frequent variation, 
as it is on most jobs. The proportions determined from a sample sent 
to the laboratory will be correct only when the gradation on the job 
happens to be the same as the sample submitted. Under conditions 
of loose control of grading there would seem to be little need of a more 
precise means of designing mixes than the ordinary trial-mix method. 
However, under conditions of controlled gradation, where a _pre- 
determined mixture can be consistently reproduced in the field, it is 
suggested that the remolding test provides a practical tool for designing 
mixes. It can be seen that the method used in this study was essentially 
one of designing mixes. A less elaborate scheme could easily be de- 
vised to suit the individual, and the results could be expressed in terms 
of whatever theory—mortar voids, fineness modulus, ete.—seemed 
most convenient. 

FURTHER STUDIES PROPOSED 

As pointed out in the introduction, this is only a progress report 
covering studies now completed. The studies of coarse aggregate are 
being continued to determine the relationship for other water ratios 
and types of materials. It is planned also to include a study of sand 
gradings, and to extend the study of admixtures to include a number of 
different materials. 

APPENDIX ‘‘A”’ - THE REMOLDING TEST 
Description of Apparatus 

The placing of concrete usually involves a change in shape from some initial form, 
say, that of the buggy in which it is transported to that of the member for which it is 
intended. Fig. 9 and 10 show how a similar process is involved in the new remolding 
test. With the apparatus assembled as shown in the first picture, the slump cone is 
filled with concrete in three or more layers. In filling the cone, each layer is rodded 
or tamped just the amount necessary to bring paste to the top. As soon as the filling 
is completed the cone is withdrawn as shown in the second picture. Then, as shown 
in the third picture, the rider assembly is put in place. The flow table on which the 
device rests is then operated and the remolding effort in terms of the number of 4-in. 
drops (jigs) of the flow table required to complete the change from truncated cone to 
dise form is observed. The path followed by the moving mass during the course of 
the test may be visualized from the illustrations. 

The inner ring shown tends to restrict movement which, without the ring, would 
take place in part by means of a crumbling, semi-plastic flow. The closer the edge 
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(A) Assembly ready for sample (B) Slump cone removed 





(C) Rider assembly in place D End of test. Rider removed 


ia. 9—ILLUSTRATION OF THE REMOLDING TES 


of the ring to the bottom of the container, the more must the movement be accom- 
plished by plastic flow. Thus, by changing the clearance under the ring the severity 
of the test can be changed at will. The remolding effort required may vary from 
about 10 jigs for a very mobile mixture to an indefinitely larger number for one that 
is unplaceable. A general idea of the results obtained may be seen from Fig. 11 which 
shows the relation between remolding effort and consistency for three familiar mixes 
using different ring clearances. It will be noted that the remolding effort required at 
a given slump differs materially for the different mixes, especially at the wetter con- 
sistencies and with the smaller ring clearance. For example, at a 6-in. slump with 
the ring set for a clearance 25% in. (diagram A), the 1:3:6 mixture requires nearly 
three times as many jigs as the 1:114:3 mixture. The chart indicates also that for 
the 1:2:4 and 1:3:6 mixes the intermediate slumps are more easily placed than wetter 
consistencies under conditions which are comparable with that represented by this 
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(“ROSS SECTION OF THE REMOLDING TEST APPARATUS 


clearance. For the conditions represented by a larger clearance (diagram B) the 
differences between the three mixes are not as great, nor does the wetter consistency 
detract from mobility as it did under the smaller clearance. These indications 
are, it is believed, in line with common sense and experience. 

The charts of Fig. 11 indicate only the response of the apparatus to changes in 
richness of the mix and quantity of mixing water. A study of the effect of other 
important variables such as the aggregate gradation is described in the paper. Fig. 
11 is intended only to introduce the general features of the methods and apparatus. 


Comparison with Flow Test 


There may seem to be some similarity between this test and the flow test. Space 
will not pemit a full discussion, but the dissimilarity is brought out by Fig. 12, which 


shows the relation between the results obtained by the remolding and flow test made 
on three groups of mixtures. 


These three groups include three different aggregate 
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gradations each combined with different quantities of paste (water-cement ratio, 
about 6.3 gal. per sack). The diagram shows that at a given flow the remolding 
effort is considerably different for the different aggregate gradations. The harsher 
working qualities of the aggregates containing the least proportions of sand are 
evidenced by the greater number of jigs required at a given flow. 
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The weakness of the flow test appears to be that the flow is too unrestricted and 
that the end of the test finds the concrete scattered instead of in the form of a homo- 
geneous mass, the boundaries of which conform to some desired shape. The un- 
restricted condition of flow permits some of the aggregate to ride along only half 
embedded in the mortar, thus relieving the mortar of part of its load and adding to 
its mobility. This alone gives harsh, watery, lean mixes undue advantage. Still 
further advantage is given such mixes by the fact that it is not necessary for the half- 
embedded aggregate to become re-incorporated in the mortar. 

Limitations of Remolding Test 

Although there is a marked dissimilarity between the remolding test and either 
the slump or flow, the differences always seem to show the remolding test to have 
greater sensitivity to variables of known effect. It is not suggested, however, that 
this method provides a direct measure of workability as that term was defined in the 
paper, because it offers little indication of the properties of a mixture other than its 
mobility under a given condition. In Fig. 11A, for example, the 1:3:6 mixture and 
the 1:1'9:3 would appear to have about the same workability at a 1-in. slump, 
although it is perfectly obvious to an observer that the 1:11:3 mixture is the more 
workable. 

This limitation of the apparatus must be recognized when comparing the different 
mixtures. Nevertheless, it does seem that because the remolding principle is involved 
so often in placing concrete, the remolding test should give a good indication of the 
mobility to be expected and the placing effort required under conditions requiring 
flow similar to that in the test. If, in addition to the remolding effort of a given mix, 
the consistency is also noted, the two together may give a very good indication of the 
workability of the mixture in any but the drier consistencies. For example, if it is 
known that a good mixture of a 3-in. slump requires a remolding effort of, say, 30 
jigs then another mixture of a 6-in. slump, but which requires the same remolding 
effort, is not as workable because it is probably not as plastic and cohesive. It would 
seem, also, that if two aggregate gradations show differences in workability at, say, 
a 4-in. slump, the same differences exist, though, perhaps not to the same degree, at 
a l-in. slump. If, then two mixes are compared over a sufficient range of consistencies, 
their differences will be revealed. 

The Use of Different Ring Clearances 

As discussed in the paper, a mixture satisfactory for one placing condition might 
be unsatisfactory for another. In an open form it may be mobile, but under condi- 
tions more severe it may lose its mobility because the necessary change in shape 
requires a deformation exceeding the plastic limit. When the plastic limit is exceeded, 
flow under restricted conditions is stopped, or at least impeded, by the interlocking 
of particles. 

As previously mentioned, different placing conditions can be simulated by changing 
the clearance between the ring and the bottom of the container. Fig. 11A and B, 
giving results of tests on three ordinary mixes using two different clearances, have 
already been introduced. It will be noted that when the clearance was increased, 
the difference in remolding effort required by the two leaner mixes was greatly re- 
duced and some reduction was shown for the richer mix. With the larger clearance 


some movement of the concrete could be accomplished by a combination 
of plastic and semi-plastic flow followed by the re-incorporation of temporarily 
separated materials. When the smaller clearance was used, a greater amount of the 
total movement had to be accomplished by plastic flow, thus penalizing to the 
greatest extent those mixtures having the least plasticity. 
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It will be of interest to estimate the kind of placing conditions which a given 
clearance represents. This, in the absence of correlation with field data, can best be 
done by choosing as a criterion the results obtained from a mixture of familiar charac- 
teristics, such as the 1:114:3 mix given in Fig. 11. With the 25,-in. clearance this 
mixture requires about 60 jigs at a 1-in. slump, 35 jigs at a 2-in. slump, and 20 jigs 
at about a 5-in. slump. It is known from experience that under conditions where easy 
flow is required, even a 1:114:3 mix must have not less than a 5 or 6-in. slump. Also, 
with such a mix, a 2-in. slump represents a putty-like material which can be placed 
only where little flow is required, and with a l-in. slump it could be handled only in 
open sections. 


With this in mind, it would appear that for placing conditions which require con- 
siderable flow, the number of jigs required should not exceed about 20. Likewise, it 
would be judged that if 35 jigs are required the mixture would be difficultly placeable 
with ordinary equipment and then only under conditions where little flow is required. 
Mixtures requiring 60 or more jigs hardly would be placeable with ordinary equip- 
ment except in open sections, such as paving slabs. On this basis, Fig. 11A shows 
that neither the 1:3:6, nor the 1:2:4 mixes are suitable for placing conditions where a 
1:114:3 mix would require at least a 5-in. slump, for both require considerably more 
than 20 jigs at any consistency. Since it is known that a 1:2:4 mixture at slumps 
between 5 and 8 in., can be placed successfully under many conditions, it must be 
concluded that the 25-in. clearance represents a rather severe condition; that is, one 
where flow is possible only by a mix having a degree of plasticity at least as high as 
that of the 1:114:3. 

When the 27%-in. clearance was used, however, the 1:2:4 mixture became, by this 
criterion, easily placeable; that is, only 20 jigs were required at slumps exceeding 6 in. 
Reasoning as before it would be concluded that the 27%-in. clearance represents 
approximately such a condition as a fairly open section, where, when flow is required, 
only a moderate degree of plasticity is necessary. However, it will be noted that it 
represents a condition requiring more plasticity than that possessed by the 1:3:6 
mixture. 

It is apparent also that the clearance and size of apparatus have a bearing on the 
maximum size of aggregate which can be used, just as the size of a section or spacing 
of steel does in practice. With the size of apparatus used in these tests, a 2%4-in. 
clearance penalized the larger sizes to the extent that the best 0-34-in. gradation 
required very little more cement than the 0-1'4-in. grading. (See Fig. 8.) It is 
evident that for conditions where aggregate larger than, say, 2 in. can be used, a 
larger test apparatus would have to be used. 


In the experimental work, clearances ranging from 25% in.--which is found to be 
about the practical minimum—to 3 in. were used. 


APPENDIX “B”’ - MATERIALS AND METHODS 
Materials 


Cement——-A mixture of four brands of portland cement purchased on Chicago 
market. 


Fine Aggregate-—-Elgin sand composed as follows: 
0-No. 28, 41.5% by weight 
No. 28-No. 14, 23.4% by weight 
No. 14-No. 8, 21.1% by weight 
No. 8-No. 4, 14.0% by weight 
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Sieve analyses of fine aggregate as combined: 


Sieve Size % Retained 
No. 4 
Ss 15 
14 ‘ 
28 aD 
4s 87 
100 gs 
Fineness Mod. 2.90—Voids 31.3% 


Coarse Aggregate—Elgin gravel divided into three sizes: No. 4-3 in., 34-54 in., 
4-1 in. (square openings). 
All percentages are by weight. 


DATA FOR AGGREGATE COMBINATIONS USED IN STUDY OF COARSE 
AGGREGATE GRADATIONS 


Mixed Aggregate 


of Minimum | of Optimum 


Composition of Coarse Aggregate Voids in F. M. oida % Sand* F. M. with 
% by Weight Coarse | Coarse Optimum 
iy . 
Aggregate | Aggregate % Sand 
} oF cy oy, cr, 
| pF _ | ., A A 
No, 4-46 in.} %-34 in. | 44-1% in | Sand | Voids | Sand | Voids 


Ratio of Intermediate to Large Size—0/100 





0.0 0.0 } 100.0 38.5 8.00 52.0 17.6 0.5 17.8 5.48 


15.0 0.0 85.0 35.0 | 7.70 ha 

30.0 0.0 70.0 32.1 7.40 39.0 | 17.1 | 40.0 | 17.1 5.60 
50.0 0.0 50.0 30.5 7.00 41.0 | 18.0 39.0 | 18.1 | 5.40 
100.0 0.0 | 00.0 | 35.8 6.00 | 48.0 | 21.3 | 46.5 | 21.4 4.56 


Ratio of Intermediate to Large Size—25 


0 38.5 4.0 19.5 





25. 5 7.75 1 5 0.6 
15.0 21.3 63.8 34.4 7.48 | 46.0 20.1 | 48.0 20.3 5.51 
10.0 17.5 52.5 33.3 7.22 | 42.0 20.0 41.0 20.0 5.45 
0.0 12.5 7.6 8 6.87 47.0 20.8 10.5 | 20.9 5.27 
} 
a i va = 
Ratio of Intermediate to Large Size—40/60 
0.0 10.0 60.0 37.4 7.60 47.0 | 20.2 | 46.0 | 20.2 5.45 
15.0 34.0 51.0 35.2 7.45 50.0 | 20.0 | 42.0 | 20.4 5.54 
30.0 28.0 42.0 | 33.1 7.12 44.0 | 20.0 | 39.0 | 20.5 5.47 
50.0 20.0 30.0 33.0 6.80 47.0 | 19.8 | 40.5 | 20.2 5.23 
Ratio of Intermediate to Large Size—60/40 
0.0 60.0 | 40.0 37.4 | 7.40 | 46.0 | 20.0 | 49.0 | 20.2 5.20 
15.0 51.0 34.0 34.7 } 7.20 48.0 | 20.0 | 42.0 | 20.2 5.40 
10.0 42.0 28.0 | 33.0 6.98 47.0 | 20.3 | 40.0 | 20.7 5.35 
50.0 30.0 20.0 33.6 1 ae | 45.0 | 20.1 | 40.0 | 20.5 5.18 
Ratio of Intermediate to Large Size— 100% 
0.0 100.0 0.0 37.4 7.00 17.0 | 20.9 44.5 | 21.0 >» 18 
15.0 85.0 0.0 35.3 6.85 417.0 | 20.4 | 41.5 | 20.6 5.21 
30.0 70.0 0.0 34.0 6.70 49.0 | 21.3 $1.5 21.6 12 
wW.0 0.0 0.0 34.0 6.50 48.0 | 21.8 41.5 | 21.9 >. OO 
| 


*These are the optimum values, determined by trial for the quantity of paste of 6.3 gal. per sack, 
necessary to produce a mixture requiring a remolding effort of 30 jigs. As brought out in the paper, 
for any specific grading of coarse aggregate, the optimum per cent of sand is determined by the con- 
sistency and quantity of the paste used, and by the severity of the placing condition 
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Methods of Testing 


In the early stages of this investigation, the same difficulties as are commonly 
reported for such investigations were encountered. It was difficult to obtain good 
checks on slump or other tests from different samples from the same batch, and for 
tests made on different days, checks were the exception rather than the rule. This 
was at first thought to be due to erratic conditions inherent in the test, but by a long 
process of elimination, it was finally found that the difficulty was due to the sensitivity 
of the tests themselves. The variations were found to be due very largely to varia- 
tions in sampling, in absorption during the test, and by variation in grading of the 
materials from batch to batch and from day to day. 


These difficulties have all been largely overcome, so that slump or remolding tests 
usually agree within about 10 per cent, regardless of the length of time between test 
and check test. The process as finally developed is as follows: 


All aggregate was carefully separated as shown above. The sand (0-No. 4) was 
always combined so as to give a fineness modulus of 2.90, and coarse aggregates in 
various proportions as described in the report. 


Each batch of aggregate was weighed out, placed in a watertight pan, and the 
mixing water added on the day previous to making the test. On the day on which the 
test was made, the gross weight of aggregate and water was checked and corrected, 
if necessary. By allowing the aggregate to become saturated in this way, the effect 
of absorption during test was eliminated, making it possible to repeat tests on the 
same sample. The material was then transferred to a dampened mixing pan, the 
proper amount of cement added, and the mixing done with a trowel in the usual 
manner. The batch volume was about .25 cu. ft. In computing net quantities of 
water, the absorption at 24 hr. was used, weighted according to the absorption and 
amount of the various sizes of materials used. 


Special care was exercised in sampling. The mixed concrete was spread to a uniform 
thickness and any uneveness in the distribution of aggregate corrected. Then, by 
means of a trowel and scoop, the material was transferred to the slump cone. When- 
ever a section of the layer of concrete was picked up, all of the material in that 
section was picked up, scraping the pan as free from paste as possible. 


In filling the cone, care was taken that the coarse aggregate was not crowded to one 
side in the rodding process. The degree of success in this respect was evidenced by 
whether the material slumped symmetrically or one-sided. (It was seldom perfect.) 
By these precautions, and nothing short of them, the uniformity in results described 
above was obtained. 

Upon completing the remolding test (see Appendix A) the sample was transferred 
back to the mixing pan. Then, after mixing with more water and cement added in 
the proper ratio, the test was repeated at a wetter consistency. Thus, it required 
only two batches to supply four points on a curve. Two tests per batch were found 
to be about the limit on account of paste losses and evaporation although a third test 
was sometimes satisfactory. 


Readers are referred to the JourNAL for June, 1932, for discussion which may develop 
Such discussion should reach the Secretary not later than April 15. 








Discussion of a paper by Arthur B. Morrill: 


“UNUSUAL FEATURES IN DESIGN AND CONSTRUCTION OF A 


20-MILLION GALLON CONCRETE RESERVOIR’’* 


BY W. F. WAYT 


Mr.- Morrill’s description of the design and construction of the 
20,000,000-gal. Springwells Reservoir at Detroit is very interesting, 
particularly in respect to the pile foundations used. The installation 
of the Goldbeck pressure cells beneath the reservoir floor to determine 
the load distribution between piles and ground is indicative of a fine 
spirit of inquiry which is not satisfied with merely making assumptions 
but seeks further to determine their validity. 

In all work it becomes necessary to form judgments and to make 
decisions, sometimes very important ones, upon matters which are 
not susceptible to exact determination. The use of piles beneath this 
reservoir floor is illustrative of this fact. Table 1 shows that 181,760 
linear feet of piling costing $72,600 were used and that the total bid 
for the complete reservoir was $538,500. Mr. Morrill refers to the clay 
into which the piles were driven as “incompressible” and states that 
to compensate for the ground displacement caused by driving the 
piles, the excavation was taken to a depth of 0.53 ft. greater than 
otherwise would have been necessary. There is also the paragraph on 
page 83, as follows: 

If it were an isolated structure with no danger of local undermining, it would 
probably be safe to omit piling. In this case, however, it seemed a reasonable assump- 
tion that other structures might, at some time in the future, have to be built close 
to the reservoir, possibly at a lower elevation. Contraction cracks might cause 
leakage which would tend to undermine the slab. These factors were of principal 
importance in the decision to use piles. The amount of piling was much reduced, 
however, over what would have been required if no dependence could be placed on 
the supporting power of the soil. 

Perhaps there were other conditions not set forth which affected the 
decision to use piles. Also it is to be considered that at the present 


*A.C. 1. Journat, Oct. 1931; Proceedings, Vol. 28, p. 141. 
tConsulting Engineer and Contractor, Seattle, Wash. 
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time many things are known regarding this reservoir which before the 
excavation was made, were not definitely known. Recognizing these 
facts the writer would nevertheless submit the opinion that it would 
have been better and more economical to protect the reservoir against 
the possible harm and damage of possible future construction at that 
time and when such construction becomes a reality, rather than to 
incur now the considerable expense of anticipating it. The cost of 
such protective measures as possible future work may entail is a 
proper charge against the future rather than against the present and 
ought to be met in the future, for should the possible future work fail 
to materialize the present measures protective against it would be 
rendered entirely unnecessary and their cost a needless expense. 


AUTHOR’S CLOSURE BY ARTHUR B. MORRILL 


Mr. Way certainly raises a fair question when he asks if it would 
not have been better and more economical to omit timber piling under 
the reservoir. A second section of the Springwells reservoir, also of 
20-million gallon capacity, has been completed beside the first, with 
one wall in common. A third section is contemplated and considera- 
tion is being given to the possibility of omitting pile foundations when 
this is built. 

As Mr. Way states, information is now available about the reservoir 
which was not available when the plans were drawn. Precise measure- 
ments have been taken of the elevation of the reservoir since its com- 
pletion. The settlement has been uniform and has caused no difficulty 
but is greater than was anticipated. Nine benchmarks, distributed 
over the area have settled an average of 1.04 inches, the range being 
from 0.92 to 1.18 inches. This settlement may have been due in part 
to the fact that large adjacent areas were excavated to a level at or 
below the bottom of the reservoir and left open for months while the 
reservoir was filled with water. It has been suggested that the dis- 
turbance of the clay caused by pile driving was such that the use of 
foundation piles increased rather than decreased the settlement. 

The possibility that the reservoir would be lifted when empty by 
hydrostatic pressure under the bottom was given consideration in the 
use of a pile foundation. Reference was made to the tests of Milwaukee 
Sewerage Commission, published in the Transactions of the Am. 
Soe. C. E. in 1923, and those of the U. S. Bureau of Public Roads, 
published in Public Roads for November, 1928. The reservoir is 
designed to operate in such a way that there will be no resultant 
upward force, but failure of the drainage pumps under certain condi- 
tions would result in uplift sufficient to float the structure. The 
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holding-down power of the piles in such a case would be a large addi- 
tional factor of safety. The holding-down power of the piles was also 
taken into consideration in the design of the bottom slab for uplift 
conditions. 


The suggestion that it would be more economical to protect the 
reservoir against possible damage of future construction at the time 
when such construction becomes a reality may be correct in the light 
of present knowledge. Adopting the most economical solution of an 
engineering problem, however, often involves the assumption that 
certain precautions will be taken in the future, possibly after many 
years. To what extent it is wise to make this assumption in municipal 
water works construction is a matter of judgment. 


There is a tendency in such construction for designers to try to make 
devices and structures foolproof, recognizing the possibility that they 
may fall into incompetent or careless hands. This tendency is par- 
ticularly marked because of the serious consequences that may follow 
failure of a water supply system. Where there is reasonable certainty 
of continuous capable engineering control in the future, designers 
may safely make assumptions and effect economies which are not wise 
if that certainty is lacking. 





PROPOSED SPECIFICATIONS FOR CONCRETE PAVEMENT 
IN MUNICIPALITIES 


Report of Committee 902, Concrete Pavement Standards* 
Cc. LANG], CHAIRMAN 


THESE specifications have been written to apply to average condi- 
tions in municipalities. Principles of design, alternates, and explana- 
tions are given in the appendix. By studying the appendix, engineers 
should be able to make alterations to fit local conditions and thus 
obtain a more economical pavement or provide for unusual traffic or 
subgrade conditions. 


I. PREPARATION OF ROADWAY 


1. Grading (a) Grading will include the excavation and embankment which 
may be necessary to bring the subgrade to the required elevation, alignment, and 
cross-section. All suitable materials removed from the excavation in grading shall 
be used as far as practicable in the formation of the embankment. Sod, logs, saw- 
dust, stumps, or other perishable material shall not be used in embankment. Em- 
bankment shall be built in successive level layers not_more than twelve (12) in. 
deep, for the full width of the cross-section. Materials shall be dumped in windrows 
and spread over the preceding layer and each layer shall be compacted by rolling 
with a roller weighing not less than ten (10) tons. 

(b) Materials not used in embankment may be deposited as directed by the 
engineer. When the amount of the embankment exceeds the amount of the material 
available from excavation, suitable material shall be obtained by the contractor as 
directed by the engineer. 

2. Subgrade preparation (a) The subgrade shall be constructed to have, as nearly 
as practicable, a uniform density throughout its entire width. Wherever the sub- 
grade extends beyond the lateral limits of an old roadway, or wherever an old gravel, 
macadam, or other hard compacted crust comes within six (6) inches of the elevation 
of the finished subgrade, such old roadway or crust shall be plowed, loosened or scari- 
fied to a depth of at least six (6) inches and the loosened material redistributed across 
the full width of the subgrade, adding suitable material, when necessary, so that when 
compacted to the required elevation, alignment, and cross-section, the subgrade 
will approach as nearly as possible a condition of uniform density. Compression of 
the subgrade material shall be accomplished with a self propelled roller weighing 

*This specification to be presented for discussion at the 28th Annual Convention, Washington, D. C., 
Mar. 1-4, has been prepared by Committee 902; submitted to the membership, all members voting. 
The report has since been revised by the chairman in kee ing with the suggestions and as revised ap- 
proved by a majority of the committee. Discussion which is available to the Secretary of the Insti- 
tute before July 1, 1932, is scheduled for publication in the Journa for September with a view to 


further work by the committee, looking to its submission to the Institute for tentative adoption in 1933. 
tEngineer of Tests and Inspection, Minnesota Dept. of Highways, St. Paul. 
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not less than five (5) tons. Hand tamping portions of the subgrade may be directed 
by the engineer when necessary. There shall not be left on the subgrade, berms or 
ridges of earth or other material that will interfere with the immediate discharge of 
water from the subgrade, and the subgrade shall be maintained free from ruts so 
that it will, at all times, drain properly. All depressions developing under traffic 
on the subgrade, or in connection with rolling, shall be filled with suitable material. 
Rolling shall be continued until the subgrade is uniformly compacted, properly 
shaped, and true to grade and alignment. It is not intended that the rolling shall be 
continued beyond this point, as the purpose of rolling is not to produce a subgrade 
that cannot be further compacted, but to produce a uniformly compacted subgrade. 
All hauling shall be distributed over the width of the subgrade so far as practicable, 
so as to leave it in a uniformly compacted condition. After being prepared in the 
above manner, the subgrade shall be so maintained until the concrete pavement has 
been placed thereon. 


(b) Immediately prior to placing concrete pavement on the subgrade, it shall be 
checked by means of an approved scratch template, resting on the side forms, having 
the scratch points placed not more than six (6) inches apart, and to the exact eleva- 
tion and cross-section for the subgrade surface. The scratch template shall he of 
such rigid construction that it will not sag or deflect, shall weigh not less than 
twenty (20) pounds per lineal foot and be mounted on rollers which rest on the forms. 
It shall be drawn along the forms between the mixer and the concrete, and so that 
the plane of the points will be at a right angle to the grade line, and the long axis 
of the template at a right angle to the center line of the pavement. All high places 
indicated by the scratch points shall be removed to true grade, and any low places 
backfilled with suitable material and rolled or hand tamped until smooth and firm. 
After subgrade corrections have been made the subgrade elevation shall again be 
checked with the scratch template. 


(c) In intersections or where warped crowns make the use of a scratch template 
impracticable the subgrade shall be checked by means of stakes set not more than 
ten (10) feet apart and having their tops at the exact elevation for the surface of the 
finished pavement. Or it may be checked by sighting over “‘T”’ boards, or by measur- 
ing down from a string or wire drawn taut over the top of the forms or curbing. 
But wherever the subgrade can be checked with a scratch template, the seratch 
template shall be used. 


(d) Trucks hauling over the subgrade shall be equipped with pneumatic tires. 
If hauling over the subgrade after it has been finished results in ruts or other objec- 
tionable irregularities, the contractor shall re-roll or hand-tamp the subgrade and 
place it in smooth and satisfactory condition before the concrete is deposited upon 
it. If the condition of the subgrade is such that it cannot be placed in satisfactory 
condition to receive the pavement by the above methods, placing pavement may 
be stopped by the engineer unless the contractor can provide and haul over suitable 
trackways or use other satisfactory means for the protection and maintenance of 
the subgrade. 


After being prepared in the above manner, the subgrade shall be so maintained 
until the concrete pavement has been placed thereon. 

(e) All ditches or other excavations more than one (1) foot deep shall be back- 
filled as directed by the engineer either by partly filling the excavation with water 
and depositing the back fill material through this water or if the backfill is not suffi- 
ciently permeable or is otherwise unsuited for filling in this manner, by compacting 
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acceptable backfill material in thin layers by the use of pneumatic or mechanical 
tampers. Saturated backfilled material shall be allowed to drain properly before 
pavement is placed upon it. 

3. Adjusting Street Structures. The contractor shall set to grade any manhole 
tops, water valve caps or any other fixtures which are within the area to be paved. 


II. MATERIALS 


4. Source. The source of supply shall be approved by the engineer before the 
shipment of materials is started. The approval of source must not be construed as 
an approval of the material as all materials must comply with the specifications at 
the time they are used. 

5. *Cement. The cement shall be a standard portland cement complying with 
the latest standard specifications of the American Society for Testing Materials. 

6. *Fine Aggregate. (a) Fine aggregate shall consist of natural sand or other 
approved inert materials with similar characteristics or a combination thereof, 
having hard, strong, durable particles and shall conform to the requirements of 
these specifications. All fine aggregate shall be washed. 

(b) The maximum percentage of deleterious substances shall not exceed the fol- 
lowing values: 


Per Cent By Weight 
Removed by decantation ; 2 


Shale..... : id = : , 2 
SS re ' : 1 
Clay Lumps ; 1 


é 

The sum of the percentages of shale, coal, and clay lumps shall not exceed four (4) 
per cent by weight. 

(c) All fine aggregate shall be free from injurious amounts of organic impurities. 
Aggregates subjected to the cclorimetric test for organic impurities and producing a 
color darker than the standard or Plate II shall be rejected unless they pass the 
mortar strength test. 

(d) Fine aggregate shall be well graded from coarse to fine and when tested by 
means of laboratory sieves shall conform to the following requirements: 


Per Cent 
Passing ®, inch sieve i , ius Se 
Passing No. 4 sieve (85) to (100) 
Passing No. 16 sieve (45) to ( 80) 
Passing No. 5O sieve . ( 2) to ( 30) 
Passing No. 100 sieve (0) to( 5) 


Note:—Figures in parentheses are suggested as limiting percentages but 
they may be altered within these limits to suit local conditions. 


The above gradation for fine aggregate represents the extreme limits which shall 
determine the suitability for use of fine aggregate from all sources of supply. The 
gradation of fine aggregate from any one source shall be reasonably uniform and not 
subject to the extreme percentages of gradation specified above. For the purpose 
of determining the degree of uniformity of a fine aggregate, a fineness modulus 
determination shall be made upon representative samples of fine aggregate, from 
such sources as are proposed for use. Fine aggregate from any one source having a 
variation in fineness modulus greater than 0.20 either way from the fineness modulus 
of the representative sample submitted by the contractor shall either be rejected or 
may be accepted subject to such adjustment in proportions as may be necessary by 
reason of changes in grading of fine aggregate. Fine aggregate from different sources 
of supply shall not be mixed or stored in the same pile, nor used alternately in the same 
class of construction or mix, without permission from the engineer. 

(e) In case the concrete resulting from a mixture of aggregates approaching the 
extreme limits for gradation is not of a workable character, or when finished does not 


*Item discussed in appendix. 
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exhibit a proper surface, due to an excess of particles approximately 14 to \% inch in 
size, either a fine aggregate having a sufficiently greater percentage of fine material, 
or a coarse aggregate having a sufficiently smaller percentage of fine material must 
be used. 


(f) Fine aggregate shall be of such quality that mortar composed of the fine 
aggregate and of water and cement in the ratio of five (5) U.S. gallons of water per 
ninety-four (94) pound sack of cement when made into standard tension briquettes 
or two by four (2 by 4) inch compression cylinders, shall have a tensile or compressive 
strength at seven (7) and twenty-eight (28) days equal to or greater than the tensile 

or compressive strength of mortar of the same water-cement ratio and consistency 
but made with the same cement and graded Ottawa sand having a fineness modulus 
of 2.40 plus or minus 0.10. For proportioning test specimens the water and cement 
shall be measured by weight and be mixed to form a water-cement paste. The fine 
aggregate shall be brought to a surface moist condition and added to this paste 
until a mortar of the desired consistency and workability is obtained. Consistency 
shall be such that the mortar may be placed in the mold by lightly puddling with the 
fingers and without segregation of the mixing water. The flow test shall be used to 
determine when the mortars are of the same consistency. 


7. Coarse Aggregate. (a) Coarse aggregate shall consist of crushed stone, gravel, 
blast furnace slag or other approved inert materials of similar characteristics, or 
combinations thereof, having hard, strong, durable pieces, free from adherent coat- 
ings not thoroughly bonded and of a permanent character, and conforming to the 
requirements of these specifications. 


(6) The maximum percentages of deleterious substances shall not exceed the 
following values: 


Per Cent 
By Weight 
oe oe es os Eli Sine dew bua neae tebe 
8 ES I eee 1 
ECDs due ON Go cide oR ae cae wl 66 sc bas chavs Veethar Gue ce ikea ae 
EE REEL OLE CD Ee OE nee eee ee Oe \4 
IN so 555475 cas eke cbehacsed EG AS et oe ater ea aoe 3 


The sum of the percentages of shale, coal, clay lumps, and soft fragments shall 
not exceed four (4) per cent by weight. 

(c) Coarse aggregate shall be uniformly graded within the limits shown in the 
following table and any material which does not come within the limits specified 
shall be used only upon the written order of the engineer. 


% Retained on Laboratory Sieves Having Square Openings 








Types Designated 
Size 2 in. 1% in. lin. % in. \% in. % in. No. 4 

Crushed Stone, 2” to No.4 Oto 5 30 to 65 70 to 90 95 to 100 
Gravel and 1%" to No. 4 Oto 5 30 to 65 70 to90 95 to 100 
Blast-Furnace 1° to No.4 0 to 10 40 to 75 90 to 100 
Slag %" to No. 4 0 to 10 45 to 80 90 to 100 

e stoi" Otol10 30to65 85 to 100 

1144" to 4" Otol0 45to80 85 to 100 


(d) The maximum per cent loss in the abrasion test for crushed stone shall be 
seven (7) per cent. 

The maximum per cent loss in the abrasion test for gravel pebbles shall be fifteen 
(15) per cent. 

The air cooled blast furnace slag shall consist of roughly cubical fragments reason- 
ably uniform in density and quality and reasonably free from metallic iron, containing 
no dirt or other objectionable matter. The slag shall weigh not less than...... . 
pounds per cubic foot. 
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Any coarse aggregate which shows marked disintegration in the sodium sulphate 
test for soundness after five (5) successive alternate immersions and dryings, as 
specified, shall be rejected, unless proven satisfactory by a suitable freezing and 
thawing test or by being proven to be entirely sound and satisfactory in service. 


(e) In case the concrete resulting from a mixture of aggregates approaching the 
extreme limits for gradation is not of a workable character, or when finished does 
not exhibit a proper surface, due to an excess of particles approximately one-eighth 
(14) to one-half (14) inch in size, either a fine aggregate having a sufficiently greater 
percentage of fine material, or a coarse aggregate having a sufficiently smaller per- 
centage of fine material must be used. 


8. Water. Water for concrete shall be clean and free from injurious amounts of 
oils, acids, alkalis, organic matter, or other deleterious substances. Test specimens 
of mortar made from the materials and the water to be used in the work shall develop 
a tensile or compressive strength at seven (7) days of not less than nhety-five (95) per 
cent of that developed by the same materials and distilled water. 


*9. Wire Fabric Reinforcement. Wire fabric shall consist of sheets or strips manu- 
factured for the purpose. The steel wire shall comply with the Tentative Specifica- 
tions for Cold-drawn Steel Wire for Concrete Reinforcement, Serial Designation 
A-82-27, of the American Society for Testing Materials. Intersecting members 


shall be rigidly welded at right angles, in such a manner as to develop the full tensile 
strength across the weld. 


*10. Bar Reinforcement. Plain or deformed bars shall be made by either the 
Bessemer or open-hearth process. Rail steel will be accepted. The chemical pro- 
perties, tensile properties, and bend-test requirements shall conform to the Stand- 
ard Specifications for Billet Steel Concrete Reinforcement Bars, Serial Designation 
A15-30, of the American Society for Testing Materials, or for Rail Steel Concrete 
Reinforcement Bars, Serial Designation A16-14, of the American Society for Testing 
Materials. Bars depending upon bond for their effectiveness shall be free from excess 


rust, scale or other substance which prevents the bonding of the concrete to the 
reinforcement. 


11. Deformed Metal Plate. Deformed metal plate when used in longitudinal or 
transverse contraction joints shall consist of a sheet of steel or iron not thinner than 
sixteen (16) gauge (0.0625) inches. Each section shall be a continuous strip of metal 
not more than fifteen (15) feet long and having a width one-half (1%) inch less 
than the depth of the pavement. It shall be of the cross-section shown on the plans 
and be provided with an end connection which will hold the ends of strips firmly 
together. It shall be punched for dowels, or tie bars, and pins, as shown on the plans. 


Channel shaped pins pressed out of sheet steel of not less than twelve (12) gauge 
(0.109375 inches) and not less than fifteen (15) inches long shall be used to hold the 
joint metal upright on the subgrade. 


*12. Premolded Joint Filler. 1. General Requirements. The bituminous pre- 
molded joint shall be of the dimensions shown on the plans or in the estimate and 
shall be of asphaltic or tar composition of approved quality. The joint shall be of 
such character that it will not be deformed by ordinary handling during the hot 
summer months or become hard and brittle in cold weather. Thin strips of stiffener 
will be allowed. The bitumen shall be uniformly impregnated with suitable filler, 
to reduce its brittleness at low temperatures to a minimum. 


*Item discussed in appendix. 
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2. Physical Properties. 
emeeeperen amewe Ghats s,s. ee 5% 
ee 1 inch 

Brittleness: The joint shall not crack or shatter when subjected to the test for 
brittleness. ‘ 

The prepared strips shall be cut to conform to the cross-section of the pavement 
and in lengths of ten (10) feet, except that a shorter length may be used where the 
pavement width is not a multiple of ten (10) feet. Abutting ends of strips of pre- 
molded filler shall be laced or clipped together in a workmanlike and effective manner. 
The premolded filler shall have holes punched through it to receive dowel bars at 
the proper intervals and of the exact diameter of the bars. 

*13. Poured Joint Filler. (a) The material for filling poured joints and cracks 
shall be an asphaltic cement complying with the following specifications: 

ann _— filler shall be homogeneous, free from water, and shall not foam when heated to 350°F. 


ific Gravity 25°C. /25°C., not less than................... Re Sofa d etna ang 61S wieS , 

ash Point, not less than ( np eae ; ape ; 200 
Softening Point (Ring and Ball) Re ite; yr ct ; 60 to 75 
Penetration at 25°C., 100 gm. 5 sec. aie 50 to 60 
Penetration at 0°C., 200 gm. 60 sec. , not less than... Pates PRON an ee 20 
Penetration at 46°C., 50 gm. 5sec., not more than ‘ : 160 
Ductility at 25°C. (Cm. AB ee eee : 10 to 30 

at 163°C., 5 hrs., not more than ( %). ee ; ' 1 
Bitumen Soluble in Carbon Disulfide, not less than (% ere ae 99 
Bitumen Insoluble in Carbon Tetrachloride, not more ae (%). ee oe 1 


14. Methods of Testing Materials. Unless ethupale ise gente died sts ated all refer- 
ences to methods of testing refer to the Tentative Standard Specifications for High- 
way Materials and Methods of Sampling and Testing as published by the American 
Association of State Highway Officials in 1931. 


Designation Page 


15. Portland Cement............. veRee eee 77 
16. Fine Aggregate 
ON we : ee 93 
(b) Sieve Analysis. .... he as : i foal Ee 133 
(c) Decantation.............. — T-12 107 
(d) Organic Impurities.......... : T-21 120 
(e) Mortar Strength............. ' T-35 161 
(f) Apparent Specific Gravity and Absorption or 
Free Moisture Content........... 4 «aos | 110 
(g) Coal and Lignite in Sand.................. Proposed method of 


Test for Determination of Coal and Lignite in Sand, Appendix V 

to 1928 Report of Committee C-9 on Concrete and Concrete Aggre- 

gates. Proceedings of American Society for Testing Materials, 1928 
17. Coarse Aggregate 


(a) Sampling...... T-2 93 
(b) Soundness 

1. Sodium Sulphate.... . T-9 105 

2. Freezing and Thawing.... T-34 153 
Pee. BE ees: / Le .. Ts80 105 
(d) Soft Fragments....... oe : . T8 104 
gl a oe a T-7 104 
(f) Apparent Specific Gravity and Absorption or 

Free Moisture.......... bE. .. T-18 110 
(zg) Weight of Slag......... T-19 118 


*Item discussed in appendix. 
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(h) Abrasion 


1. Crushed stone. . ‘4: HL. ROES T-3 98 
2. Gravel....... iV). se che RLS Ge T-4 99 
(>: Bioabeiniess os. os gel ox RRA A T-11 106 


ge eh SA EE TE EEE ' Pee poZ5G. T-26 132 
19. Reinforcement 


(a) Wire Fabric.......... % : T-68 254 
(b) Bars—Tension......... T-68 254 
(c) Bars—Cold Bend. ... A-15-30—A. S. T. M. 


1930 Standards 
20. Premolded Joint Filler 


(a) Bitumen Content... . T-58 213 


(b) Brittleness Test........ ee . Ta? 172 
21. Poured Joints 
(a) Specific Gravity. ... T-43 173 
(b) Flash Point Sh T-48 184 
(c) Softening Point. T-53 202 
(d) Penetration. . T-49 188 
(e) Ductility......... T-51 195 
(f) Loss on Heating....... . T-47 180 
(g) Total Bitumen ve T-44 176 
(h) Bitumen Insoluble in Carbon Tetrachloride.. T-45 178 


*11I. PAVEMENT SECTION 
Width, thickness, and crown of the pavement shall be as shown on the plans 
for the improvement. 


99 


IV. JOINTS 

23. Joints shall be used where shown on the plans. The plane of all joints shall 
make a right angle with the surface of the subgrade. 

24. The edges of the slab at joints shall be rounded with an edger having a radius 
of three-quarters (°4) inch. 

25. The concrete along the face of all joints except dummy joints shall be thor- 
oughly spaded to insure a surface which is free from honeycombing. 

*26. Dowel and Tie Bars. Deformed steel bars meeting the specifications for bar 
reinforcement shall be used for the tie bars joining slabs across longitudinal joints or 
joining slabs to curb or gutter. Dowels across transverse joints shall be bars of 
round, smooth steel. 

Bars of round, smooth steel, three (3) feet long and three-quarters (34) inch in 
diameter shall connect the ends of all slabs across all transverse joints. They shall 
be spaced at two and one-half (214) foot intervals, extended eighteen (18) inches into 
each slab, and be placed midway between top and bottom, exactly parallel to both 
the surface and center line of the slab. Each end of the dowel shall be supported by 
a metal chair embedded in the subgrade in such a manner that the dowel will not be 
moved out of the specified position when batches of concrete are dropped upon it. 

The half of the bar in one slab shall be separated from the concrete by being coated 
with lead paint and heavy grease or asphaltic paint or by a tightly fitting metal 
sleeve. At expansion joints a cavity twice as deep as the width of the joint and of 
the full diameter of the bar shall be left at the painted or sleeved end of the bar. 
The cavity may be formed by stopping the bar at the proper distance from the end 
of the sleeve, or by placing on the end of the bar a ball of any compressible material 


*Item discussed in appendix. 
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which will not injure the concrete. Any method adopted must positively assure, to 
the satisfaction of the engineer, that sufficient space is secured at the end of every 
bar to make possible the complete closing of the joint. 

27. Transverse Joints. Transverse joints shall be expansion, contraction or con- 
struction joints. They shall make a right angle with the subgrade and with the center 
line of the pavement and extend through all integral curb. 


28. Expansion Joints. (a) Expansion joints shall extend entirely through the 
depth and width of pavement. They shall have the width and spacing shown on plans. 

(b) An expansion joint shall separate all pavement slabs from the pavement in 
the street railway track area, separate curbs, other pavements, and from any rigid 
structures such as manholes, poles, etc. coming within the area of the pavement. 

(c) Premolded Expansion Joints. When the expansion joint is to be the premolded 
filler type, the filler shall have a width one-quarter (14) inch less than the depth of 
the pavement. The filler shall be held in place during the placing and finishing of the 
concrete by a metal bulkhead or a metal channel cap. 

The metal bulkhead shall be a steel plate at least one-quarter (14) inch thick, 
shaped to the exact cross-section of the pavement and having on its upper edge an 
envelope which will enclose the top two (2) inches of the expansion material. The 
interior width of the envelope shall be three-sixteenths (,%) inch greater than the 
width of the expansion material. The bulkhead may be made lighter by having the 
bottom portion cut into sections like saw teeth, but shall retain sufficient strength to 
remain straight from edge to edge of slab when concrete is placed against it. The 
bulkhead shall be securely staked in place with sufficient stakes to hold it in the speci- 
fied position. Concrete shall be deposited on both sides of the joint, and be struck 
off before the header is removed. 

The metal channel cap when used shall be of ten (10) gauge steel having two (2) 
equal, parallel legs not less than two (2) inches deep. The clear width between the 
legs shall be three-sixteenths (;%) inch greater than the width of the expansion 
material. The metal cap shall be placed over the top of the expansion material and 
the two held in position on the subgrade by flat metal stakes spaced so closely together 
that the joint material will remain straight as the concrete is placed and finished 
After the pavement has been struck off and finished the metal cap shall be removed 
and the joint edged. 

The premolded expansion joints shall be neatly filled to the surface of the 
pavement with bituminous joint filler. 

Under no circumstances shall any concrete be left above the expansion material 
or across the joint at any point. Any concrete spanning the ends of the joints shall 
be cut away after the forms are removed. 

Poured Expansion Joints. When the expansion joint is to be the poured type 
it shall be formed by securely staking a bulkhead in place at right angles to the center 
line and surface of the pavement. The bulkhead may be one or more wood or meta! 
strips cut to the exact cross-section of the pavement and having a total width of 
.. inches and a depth equal to the depth of the pavement. Concrete shall be deposited 
on both sides of the bulkhead and be carefully spaded to insure joint faces free from 
honeyecombing. The edges of the slab, along the bulkhead, shall be rounded with a 
three-quarter (*4) inch edger. 

Before the pavement is opened to traffic the joint shall be cleaned so that there 
is a clear space of the specified width for the full depth and width of the pavement. 
It shall then be filled with bituminous joint filler until it remains flush with the surface 
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of the pavement after cooling. Any bituminous material on the surface of the pave- 
ment shall be immediately scraped off with a hot steel shovel. 

Other forms of expansion joints shall be used only as specified or shown on 
the plans, or when approved in writing by the engineer. 


29. Transverse Contraction Joints. (a) Contraction joints shall be spaced at 
foot intervals between expansion joints. They shall be formed by placing a deformed 
metal plate in the concrete or by forming a slot in the upper surface of the slab. 

(b) The deformed metal plate joint shall be formed by staking the specified metal 
plate securely in place at right angles to the surface and center line of the pavement. 
The plate shall be temporarily capped with a metal channel cap made of ten (10) 
gauge sheet steel, having legs at least one (1) inch long and a space between the legs 
one-eighth (+4) inch wider than the thickness of the deformed plate. Concrete shall 
be deposited on both sides of the deformed plate and be carefully spaded on each 
face of the plate. After the concrete has been placed and finished, the metal cap 
shall be removed, leaving a groove in the concrete from the top of the plate to the 
surface of the pavement. The edges of this groove shall be rounded with an edger 
having a radius of three-fourths (*4) inch. The top of the deformed metal plate shall 
be approximately one-half (14) inch below the surface of the pavement. The groove 
shall be filled with bituminous joint or crack filler before the pavement is opened to 
traffic. 

(c) The weakened plane or “dummy” contraction joint shall be constructed by 
forming in the surface of the slab, a slot not less than one-qurater (44) inch wide and 
having a depth equal to one-fourth (44) the depth of the pavement at the thinnest 
part of its section. This slot may be formed in any manner approved by the engineer, 
such as by pushing into the concrete a flat bar or the web of a ‘‘T”’ bar, removing the 
bar, and keeping the slot open. Ot it may be formed by setting a flat bar on chairs 
on the subgrade and casting concrete about it, later removing the bar but leaving 
the chairs in the pavement. If the bar is set in place ahead of the concrete the con- 
crete shall be carefully spaded along each face of the bar. The edges of the slot shall 
be rounded with an edger having a radius of three-fourths (4) inch. 

When the bar forming the slot is removed before finishing the surface of the 
pavement is completed, the slot shall immediately be filled with a strip of premolded 
expansion material having a thickness and width equal to the width and depth of 
the slot. When the bar is left in the pavement until finishing is completed the slot 
shall be filled with premolded filler or with bituminous crack or joint filler. 


30. Transverse Construction Joints. (a) Whenever the placing of concrete is 
suspended for thirty (80) minutes or more, a transverse expansion or contraction 
joint shall be constructed. Except in case of breakdowns or other unavoidable 
causes, work shall only be suspended at specified locations for transverse joints. 

(b) When the point at which work is suspended is closer to the proper location for 
an expansion joint, an expansion joint shall be installed in the manner previously 
specified for expansion joints, except that concrete shall be placed on one side of the 
header only, until work is resumed, when it shall be placed on the other side. 


(c) When the point at which work is suspended is closer to the proper location 
for a contraction joint or when no expansion joints are specified, a construction joint 
shall be formed by securely staking in place at right angles to the subgrade and center 
line a bulkhead of wood or metal cut to the cross-section of the pavement and deposit- 
ing concrete against it. Before work is resumed the bulkhead shall be removed and 
the new concrete be placed against the face of the older concrete. In case deformed 
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metal transverse contraction joints are specified, they may be placed between the 
bulkhead and the concrete and left in place. 

(d) If concreting must be stopped within five (5) feet of a previously made trans- 
verse joint the concrete shall be removed to this joint. 


31. Longitudinal Joints. (a) Longitudinal joints shall be placed as shown on 
the plans for the improvement. They shall be of the contraction or expansion 
type, as shown on the plans. 

*(b) Longitudinal expansion joints shall be formed by placing a strip of premolded 
joint filler against the form, bulkhead, curb, pavement edge or adjacent structure. 
It shall be held in this position by pins and concrete shall be placed against it. The 
filler shall extend the full depth of the pavement and be flush with the pavement 
surface. Or the joint may be formed by constructing a slot in the concrete to the 
full depth of the pavement, and filling this slot with bituminous joint filler. The edges 
of the joint shall be rounded with an edger having a radius of three-fourths (24) inch. 

(c) Longitudinal contraction joints shall be of the deformed metal plate type or 
the weakened plane or “dummy” type. The deformed metal plate joint shall be 
constructed by concreting in place the specified deformed plate. The plate shall be 
set parallel to the center line and at right angles with the subgrade at least fifty (50) 
feet in advance of the concrete. Its exact location shall be determined by measure- 
ment from the edge of the slab and no metal plate shall show an error in alignment of 
more than one (1) inch in fifty (50) feet. Pins shall be driven through the pin holes 
in the plate at two and one half (21%) foot intervals and into the subgrade to hold the 
plate firmly in place as concrete is placed about it. The top of the plate shall be 
approximately one-half (14) inch below the surface of the pavement. 

(d) The weakened plane of “dummy” longitudinal joint shall be constructed as 
specified in section 29-(c). ; 

(e) Slabs shall be held together across longitudinal contraction joints by tie bars 
of the dimensions shown on the plans. Tie bars shall bond with the concrete on 
both sides of the joint. Tie bars shall not be used across longitudinal expansion joints. 


32. Integral Curb. Where the plans call for an integral curb it shall be constructed 
along each edge of the pavement as an integral part of the slab and of the same 
concrete as the slab. The concrete for the curb shall be deposited not more than 
thirty (30) minutes after the concrete in the slab. 

Transverse joints in the pavement shall be continuous through the integral curb. 


Vv. FORMS 


*33. Material for Forms. Metal forms shall be of shaped steel sections. The 
sections shall have a length of at least ten (10) feet, except on curves of less than 
one hundred and fifty (150) foot radius, where shorter sections may be used. Meta! 
forms shall have a depth equal to the thickness of the concrete to be placed against 
them and a base width of at least six (6) inches. They shall not deflect more than 
one-quarter (14) inch when tested as a simple beam with a span of ten (10) feet and 
a load equal to that which the finish or subgrading apparatus will put upon them. 
The use of bent, twisted or worn out forms will not be allowed. On the upstanding 
leg the lateral tolerance per standard ten (10) foot section of form shall be not more 
than one-eighth (14) inch. The method of connection between form sections shall 
be such that a lock joint is formed free from play or movement in any direction. At 
least three (3) stake pockets for bracing pins or stakes shall be provided for each ten 


*Item discussed in appendix. 

















Concrete Pavement in Municipalities 463 


(10) feet of form and the bracing and support must be ample to prevent the spring- 
ing of the forms under the pressure of the concrete or the weight or thrust of machinery 
operating on the forms. 

34. Wooden Forms. Wooden forms, if permitted, shall be dressed, three (3) inches 
in thickness, equal in depth to the thickness of the pavement at the sides, and on 
tangents shall be not less than ten (10) feet long. Forms shall be held by stakes set 
at intervals of not more than six (6) feet, two (2) stakes being placed at each joint. 
The forms shall be firmly nailed to the side stakes, and firmly braced at any point 
where necessary so that no movement will result from the pressure of the concrete 
or the impact of the tamper. 


35. Setting. Forms shall be set upon the compacted subgrade and to exact grade 
and alignment, for a distance of at least three hundred (300) feet in advance of the 
placing of the concrete. Forms shall be thoroughly cleaned and oiled before concrete 
is placed against them. After setting, the top of forms shall be checked with a ten 
(10) foot straight-edge and any variation from that straight-edge in excess of one- 
eighth (14) inch shall be corrected. 

36. Sufficient forms shall be provided so that it will not be necessary to remove 
them in less than twelve (12) hours after the concrete has been placed or longer if 
required. The method of removing forms must be such as will not damage the 
concrete. 

VI. WATER SUPPLY 

*37. Equipment. Where necessary for the supply of water for all operations 
described in these specifications, duplicate pumps, connected to an adequate pipe 
line along the improvement, shall be provided by the contractor. The pipe line must 
be fitted with drains at the low points, and air relief valves at the high points, and 
with convenient outlets for all paving operations. Where the concrete mixer operates 
on the subgrade, the pipe line shall have a minimum diameter of two (2) inches. 
For supplying a mixer using more than four (4) sacksof cement per batch, sixty (60) 
per cent of the pipe line shall have a minimum diameter of three (3) inches, and the 
remaining forty (40) per cent shall have a minimum diameter of two (2) inches. 
The large diameter pipe shall lead from the pump. 

38. Water from City Mains. Water taken from the city mains shall be measured 
by a meter and paid for by the contractor at the rate of ..... per thousand gallons. 
If the meter is not returned to the municipality in first class condition the cost of 
repair or replacement shall be deducted from the final payment made to the con- 
tractor. 

39. Priority to Water Supply. The concrete pavement in place, for the specified 
number of water curing days, and the subgrade preparation, shall have prior rights 
to the water supply. If it should develop there is not sufficient water for all purposes, 
the concrete mixer shall be shut down until the water needs of the curing and sub- 
grading operations have been cared for. 


VII. PROPORTIONING 


40. Measuring Materials. Except on projects of less than 500 square yards total 
area, batches of fine and coarse aggregate shall be separately measured by weight on 
a scale which is accurate to within four-tenths (0.4) of one (1) per cent throughout its 
entire weight range. Weighing equipment shall meet the requirements of the speci- 
fications of the American Roadbuilders’ Association. Bulk cement shall be 
measured by weight. 


*Item discussed in appendix. 
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*41. The proportions by absolute volume shall be one (1) part of cement to six 
and four tenths (6.4) of total aggregate. The proportions by absolute volume 
shall be approximately one (1) part of cement to two and six tenths (2.6) parts of 
fine aggregate and three and eight tenths (3.8) parts of coarse aggregate, but the 
engineer may alter the proportions of fine and coarse aggregate when he deems it 
necessary in order to secure a more workable concrete. On the basis of a specific 
gravity of 3.10 for cement, 2.65 for saturated surface dry fine aggregate, and 2.65 
for saturated surface dry coarse aggregate, the proportions by weight would be one 
pound of cement to 2.22 pounds fine aggregate to 3.25 pounds coarse aggregate. 
The engineer shall compute the proportions by weight according to the specific 
gravity of the materials used in keeping the proportions by absolute volume constant. 


42. On projects of less than 500 square yards total area, batches of aggregate may 
be measured by volume in approved hoppers adjusted to contain exactly the correct 
quantity of material. Fine and coarse aggregate shall be measured in separate 
hoppers. When batches are measured by volume the proportions shall be one (1) 
sack of cement to two (2) cubic feet of fine and three (3) cubic feet of coarse aggre- 
gate, measured damp and loose. 


43. The smallest quantity of mixing water that will produce a plastic, workable 
mixture under the conditions of use shall be required by the engineer but should not 
exceed five and one-half (514) gallons per sack of cement. The consistency of the 
concrete shall be tested from time to time during the progress of the work in accord- 
ance with the Tentative Standard Methods of Test for Consistency of Portland 
Cement Concrete (Serial Designation D38-26T) of the American Society for Testing 
Materials. The slump for paving concrete shall be not less than one (1) inch nor 
more than three (3) inches. 


VIII. MIXING 


44. Handling Cement and Aggregates. (a) In handling and measuring materials 
for concrete, methods shall be used which will insure complete separation of the 
materials until they are measured for each batch. 


(6) The contractor shall protect the cement against damage from moisture. 
During transportation from the proportioning plant to the mixer, cement shall be 
kept in a weather-proof compartment, separate from the aggregate, except that if 
placed in the mixer before the expiration of three hours, it may be placed with the 
aggregate and covered by part of the aggregate. If properly protected it may be 
transported separately to the mixer. 


(c) Aggregates shall be delivered from cars or adjacent stock piles directly to 
batcher bins. Stock piles shall be not less than six (6) feet high and built up in layers 
not more than three (3) feet thick. Each layer shall be completely in place before 
starting the next layer. When fine and coarse aggregate have become merged with 
each other, they shall not be used, nor will aggregate be acceptable which has become 
mixed with foreign matter from any cause whatsoever. The site of each stock pile 
shall be cleared of all foreign materials and the ground shall be firm and reasonably 
level. 

*45. Mixing (a) The concrete shall be mixed in a batch mixer. If the mixer is 
not of the stationary or transit type it shall have a boom and bucket discharge. 
Mixing shall continue for at least one (1) minute after all the cement, fine and coarse 
aggregate are in the drum and before any part of the batch is discharged. 


*Item discussed in appendix. 
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Water shall be introduced into the drum before the aggregate and continuously 
from a time not more than five (5) seconds before the introduction of the materials 
begins, until not more than ten (10) seconds after the mixing time commences. 


The speed of the mixer drum in revolutions per minute shall conform to the rating 
of the manufacturer. If the mixer is designed for a speed of less than twelve (12) 
revolutions per minute, the mixing time shall be increased so that the number of 
revolutions for each batch shall be not less than twelve (12). The volume of mixed 
concrete in each batch shall not exceed the mixer manufacturer’s rated capacity for 
the drum. The manufacturer shall install a plate upon the mixer stating the rated 
capacity and recommended revolutions per minute. 

(b) The mixer shall be provided with a water measuring device which will con- 
sistently measure the water going into the mixer drum to within one (1) per cent of 
the desired amount. The water measuring device shall be subject to adjustment 
by the engineer and shall be provided with a lock which prevents any unauthorized 
change in adjustment and makes it impossible for more than the measured amount 
of water to be introduced into the drum. The mixer shall not be operated unless the 
water measuring device is functioning properly, nor when leaking valves pass un- 
measured water into the drum. 

(c) The mixer shall be provided with a batch timing device which will automati- 
cally lock the batch discharging device during the full mixing time and release it at 
the end of the mixing period. The timing device shall have a bell which will auto- 
matically ring at the end of the mixing period. The timing device shall be subject to 
inspection and adjustment by the engineer at any time. The mixer shall not be 
operated unless the timing device is functioning properly. 


(d) The interior of the mixer drum shall be kept clean and free from hardened 
concrete. Whenever the pick-up and throw-over blades in the drum have become 
worn down three-quarters (34) inch they shall be replaced with new blades. 


46. Central Mixing Plants. The use of central mixing plants and the transporta- 
tion of mixed concrete is permitted under these specifications, provided there is no 
segregation of material when the concrete is deposited on the subgrade. The con- 
crete must be deposited on the subgrade within sixty (60) minutes after mixing. 
Any concrete which is not plastic and workable when it reaches the subgrade shall 
be rejected. 


47. Transit Mixed Concrete. The use of transit mixed concrete is permitted under 
these specifications provided the mixer conforms to the requirements of section 45 
of these specifications. 


48. Retempering. Retempering of mortar or concrete which has partially hardened, 
that is, remixing with or without additional materials, or water, will not be per- 
mitted. 


IX. DEPOSITING CONCRETE 


49. General. Immediately prior to placing the concrete the subgrade shall be 
brought to an even surface and checked with an approved template before any con- 
crete is laid. 


50. Condition of Subgrade. Concrete shall be placed only on a moist subgrade, 
but there shall be no pools of standing water. If the subgrade is dry, it shall be sprin- 
kled with as much water as it will absorb readily. The engineer may direct that the 
subgrade be sprinkled or thoroughly wetted from twelve (12) to thirty-six (36) hours 
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Y in advance of placing concrete, where such procedure may be deemed necessary. 
Sprinkling shall be done in such a way that no mud or dirt is thrown onto the edge 
of the concrete or against the forms by the stream of water. 


51. Placing Reinforcement. If steel reinforcement is used it shall be of the effective 
area and spacing shown on the plans for the improvement. The reinforcement shall 
be so placed that it shall be two (2) inches below and parallel to the finished surface 
of the pavement and shall extend to within two (2) inches of the sides and ends of the 
pavement slabs. 

(a) Fabric reinforcement shall be placed on a first layer of concrete which has 
been struck off at the correct elevation to permit the location of the fabric in the 
position specified. All adjacent fabric sections shall be lapped not less than forty 
(40) times the diameter of the largest members in the fabric. 

(6) Bar mat reinforcement shall be placed as specified above for steel fabric or 
may be securely supported in the proper position before any concrete is placed. 

Transverse bars shall extend to within two (2) inches of the margins of the 
pavement. All intersections of longitudinal and transverse bars shall be securely 
wired or clipped or welded together to resist displacement during concreting opera- 
tions. Bars that meet shall be lapped forty (40) times their diameter. 





52. How Deposited. The mixed concrete shall be deposited rapidly on the sub- 
grade to the required depth and for the entire width of the section under construc- 
tion, in successive batches and in a continuous operation, without the use of inter- 
mediate forms or bulkheads between joints. The concrete shall be especially well 
spaded and tamped against the forms. When the concrete is placed in two hori- 
zontal layers to permit use of steel fabric, the first layer shall be roughly struck off 
with a template or screed, riding on the side forms, at the correct elevation to permit 
placing the reinforcement in the specified position. The concrete above the rein- 
forcement shall be placed within fifteen (15) minutes after the first layer has been 
placed. Any dust, dirt, or foreign matter which collects on the first layer shall be 
carefully removed before the upper layer is placed. 


53. In case of a breakdown of the mixer, involving stopping operations for more 

than thirty (30) minutes, a transverse joint shall be formed at the point directed by 

the engineer. Any concrete in excess of that needed to form this joint shall not be 

used in the pavement. 
54. Cold Weather Construction. In no case shall concrete be placed upon a frozen } 

subgrade, nor shall it be mixed and placed when the atmosphere temperature is 

below freezing. The concrete when placed shall be at a temperature between fifty 

(50) and one hundred (100) degrees Fahrenheit, and shall be maintained at a temper- 

ature of not less than forty (40) degrees Fahrenheit for ninety-six (96) hours, and 

further protected from frost until time of opening, or until the modulus of rupture is 

five hundred (500) pounds or over. 


X. FINISHING CONCRETE 
*55. General. The concrete shall be finished by machine finishing or hand finish- 
ing (strike out one). 
*56. Machine Finishing. (a)Wherever the engineer directs, the pavement shall 
be struck off and consolidated with a mechanical finishing machine. This machine 


shall strike off the concrete at such a height that, after consolidation and final finish- 
ing, it shall be at the exact elevation and have the exact crown shown on the plans. 


*Item discussed in appendix. 
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A depth of at least two (2) inches of concrete shall be carried in front of the strike-off 
screed for the full width of the slab, whenever the screed is being used to strike off 
the pavement. 


(b) The finishing machine shall be provided with a screed which will consolidate 
the concrete by pressure. The concrete shall be brought to a true and even surface, 
free from rock pockets, with the fewest possible number of passages of the finishing 
machine. 


(c) Hand finishing tools must be kept available for use in case the finishing machine 
breaks down. 


(d) Immediately following the last trip of the finishing machine the surface of 
the pavement shall be floated longitudinally with a float board ten (10) inches wide, 
three (3) inches thick, not less than twelve (12) nor more than sixteen (16) feet long 
and provided with handles at each end. The float shall be placed on the pavement 
with its long axis parallel to the center line of the pavement and be operated by two 
men, one at each end, who stand on bridges spanning the pavement. The float shall 
be dragged from edge to edge of the slab with a wiping motion; no sawing motion 
shall be used. When the entire surface has been floated in this manner the bridges 
shall be moved ahead such a distance that the next section floated shall overlap the 
one previously floated by three or four feet. 


*(e) After excess water has come to the surface the pavement shall be scraped 
with a wooden straight-edge from six (6) to ten (10) feet long. The straight-edge 
shall be operated so that all excess water, laitance and inert matter is drawn from 
the surface of the pavement. 


(f) Immediately after the scraping, the pavement shall be tested for irregularities 
with a ten (10) foot straight-edge. The straiight-edge shall be placed on the surface 
parallel to the center line and at not more than five (5) foot intervals transversely. 
After each test the straight-edge shall be moved forward one-half its length and the 
operation repeated. When irregularities exceeding one-quarter (44) inch are dis- 
covered, they shall be corrected by adding or removing concrete. All disturbed 
places shall be floated with a wooden float not less than three (3) feet long and not 
less than six (6) inches wide. 


(g) When the water sheen has disappeared from the surface of the pavement the 
final finish shall be given with a wood, canvas, or rubber belt, with a strip of burlap, 
or a garden hose. The belt shall be not less than three (3) ply canvas or rubber or a 
board thin enough to lie flat on the pavement, at least ten (10) inches wide and at 
least two (2) feet longer than the width of the slab under construction. It shall be 
applied with a combined crosswise and longitudinal motion and shall leave the sur- 
face with an even, gritty texture. When a strip of burlap is used as the final finishing 
tool, it shall be at least three (3) feet wide and four (4) feet longer than the width of 
the slab under construction, and shall be kept saturated while in use. It shall be 
laid on the surface of the pavement and dragged forward in the direction in which 
the pavement is being laid. When a garden hose is used it shall be dragged forward 
in a long loop by two men standing on opposite sides of the slab. 


57. Hand Finishing. (a) When hand finishing is permitted the pavement shall 
be struck off with a screed, cut to the crown of the pavement and weighing at least 
fifteen (15) pounds per lineal foot. The screed shall rest on the side forms, gutter 
apron or curb and be drawn forward with a sawing motion. A depth of at least two 


*Item discussed in appendix. 
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(2) inches of concrete shall be carried in front of the strike-off screed for the full width 
of the pavement, whenever the screen is being drawn forward. 

(b) In intersections or where warped crowns make it impracticable to use a screed, 
the correct pavement contour may be secured by the use of a lute. In that case steel 
grade stakes provided with lugs shall be driven into the subgrade with the top of the 
lugs accurately set at the elevation for the finished pavement. These stakes shall be 
set at intervals of ten (10) feet along the subgrade and in a straight line perpendicular 
to the center line of the pavement, one at the center line and one at each quarter 
point and as many additional points as the engineer may direct. The concrete shall 
then be spread to the elevation indicated by the stakes. 

(c) Cement mortar gathered from the surface of the concrete already placed 
shall not be used in filling boot tracks or stony areas, but such imperfections shall be 
dug out and refilled with concrete to the depth of the reinforcing and worked smooth. 
No workman shall then be allowed to walk over the area so completed. 

(d) Immediately following the screeding the pavement shall be tamped. A 
separate template may be used for tamping, or the strike-off template may be used if 
it is of suitable construction. In the tamping operation each end of the template 
shall alternately rest on the side form or edging while the other is lifted and dropped 
advancing at such a rate that the whole surface is struck at least once. Neither end 
shall be advanced more than one (1) foot ahead of the other. 

(e) Following the tamping the pavement shall be floated longitudinally, as speci- 
fied above under Machine Finishing. 

*(f) After excess water has come to the surface the pavement shall be scraped with 
a straight-edge as specified above under Machine Finishing. 

(g) Following the scraping the surface shall be straight-edged, corrected and dis- 
turbed places floated as specified above under Machine Finishing. 

(h) When the water sheen has disappeared the surface shall be given a final 
finish as specified under Machine Finishing. 


58. Brooming. Brooming when specified in place of 56 (g) and 57 (h) shall be 
done as follows: 

For the final finishing operation the surface shall be broomed. A broom made of 
fibre sufficiently stiff to secure the desired surface shall be dragged from the center 
line to the edge of the slab under construction, at such a time and in such a manner 
as to form a succession of small uniform ridges and hollows, running approximately 
at right angles to the center line. The broom shall have a handle at least two (2) 
feet longer than the distance from center to edge of slab and shall be kept free from 
hardened mortar. On this contract brooming is—is not—(strike out one) specified. 


59. Summary. The summary of the finishing operations is as follows: 


Machine Hand 

1. Screed 1. Screed 
2. Longitudinal Float or Belt 2. Tamp 
3. Scrape 3. Longitudinal Float or Belt 
4. Straight-edge 4. Scrape 

Correct Surface 5. Straight-edge 

Float Disturbed Places Correct Surface 
5. Belt or Broom Float Disturbed Places 


6. Belt or Broom 
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XI. CURING AND PROTECTION 


*60. General. The curing shall be by one of the following methods: (The engineer 
is to strike out any of the following four methods of curing which are not applicable 
to local conditions or which, in his opinion, may not be satisfactory.) 

1. Saturated Burlap and Wet Earth 
2. Sprinkling 

3. Ponding 

4. Saturated Burlap 

61. Saturated Burlap and Wet Earth. The contractor shall provide sufficient bur- 
lap at each mixer to cover all the pavement laid by that mixer in one day’s maximum 
run. Strips of wet burlap at least three (3) feet wide and at least two (2) feet longer 
than the width of the pavement, and weighing *.. . ., shall be placed on the pavement 
in a double layer immediately after the final finishing operation. Burlap shall be 
kept continuously saturated by sprinkling for sixteen (16) hours or longer if necessary 
until some other protection is provided. 

As soon as it can be done without damaging the concrete, the surface of the pave- 
ment shall be covered with not less than two (2) inches of earth, or if the engineer 
permits, four (4) inches of hay or straw. This cover shall be kept continuously wet 
during the specified curing period. 


62. Sprinkling. The contractor shall provide sufficient burlap at each mixer to 
cover all the pavement laid by that mixer in one day’s maximum run. Strips of wet 
burlap at least three (3) feet wide and at least two (2) feet longer than the width of 
the pavement, and weighing *.. . ., shall be placed on the pavement in a double layer 
immediately after the final inishing operation. Burlap shall be kept continuously 
saturated by sprinkling for sixteen (16) hours or longer if necessary until some other 
protection is provided. 

The sprinkling equipment shall be placed carefully, and without injuring the con- 
crete surface. The sprinkling system shall be so arranged and supplied with sufficient 
water at ample pressure, to keep every portion of the pavement surface continuously 
wet, both night and day, for not less than six (6) days. The contractor shall be held 
responsible for any damage to the roadway or adjacent property by reason of escap- 
ing water. 


63. Ponding. The contractor shall provide sufficient burlap at each mixer to 
cover all the pavement laid by that mixer in one day’s maximum run. Strips of wet 
burlap at least three (3) feet wide and at least two (2) feet longer than the width of 
the pavement, and weighing *...., shall be placed on the pavement in a double 
layer immediately after the final finishing-operation. Burlap shall be kept continu- 
ously saturated by sprinkling for sixteen (16) hours or longer if necessary until some 
other protection is provided. 

Longitudinal and transverse dikes shall be built and the pavement flooded with 
sufficient water within the dikes to keep all portions of the pavement surface con- 
tinuously covered with water for not less than six (6) days. 


64. Saturated Burlap. The contractor shall provide sufficient burlap at each 
mixer to cover all the pavement laid by that mixer in three (3) days maximum run. 
Strips of wet burlap at least three (3) feet wide and at least two (2) feet longer than 
the width of the pavement and weighing *...., shall be placed on the pavement in 
a double layer immediately after the final finishing operation. After the forms are 
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removed the burlap shall be placed in contact with the edges of the pavement. Bur- 
lap shall be kept continuously saturated by sprinkling for seventy-two (72) hours 
after concrete is deposited. 

65. Opening to Traffic. No pavement shall be opened to traffic in less than ten 
(10) days or until test beams cured the same as the pavement have a modulus of 
rupture of six hundred (600), or test cylinders show a compressive strength of thirty- 
five hundred (3500) pounds per square inch. Or pavements which have not been 
laid on a fill or questionable subgrade may be opened to traffic in not less than five (5) 
days if test cylinders develop a compressive strength of twenty-five hundred (2500) 
pounds per square inch, or beams a strength of four hundred twenty-five (425) 
pounds per square inch. No pavement shall be opened to traffic until the cover 
used in curing has been removed and written instructions have been given by the 
engineer. 

66. Protection. The contractor shall erect and maintain suitable barriers to pro- 
tect the pavement from all traffic and provide watchmen. Any part of the pavement 
damaged from traffic or by other causes occurring prior to its official acceptance 
shall be repaired or replaced at the contractor’s expense. 


XII. FINAL ACCEPTANCE 

67. Tolerance in Pavement Thickness. (a) For pavementslab, the average thickness 
of which, determined as hereinafter provided, is equal within one-quarter (14) inch 
to the thickness required by the typical cross-section shown on the plans, the con- 
tract unit price bid shail be used in payment. 

(b) For pavement slab, the average thickness of which, determined as hereinafter 
provided, is less than the thickness shown on the plans by more than one-quarter (14) 
inch, but less than one-half (14) inch, an adjusted unit price shall be used in payment, 
which price shall bear the same ratio to the contract unit price as the square of the 

. average thickness of the slab bears to the square of the slab thickness specified on 
the plans. 

(c) No additional payment over the unit contract price bid will be made for any slab 
where the average thickness of the pavement, determined as hereinafter provided, 
exceeds the thickness shown on the plans. 

(d) The thickness of uniform thickness slab will be determined by average measure- 
ment of the length of cores taken from it and by measurement of the edge thickness 
where possible. At such points as the engineer may select in each 2000 square yards 
of pavement three or more cores will be taken and measured and the thickness of the 
edge measured opposite the cores where possible. The average of two edge measure- 
ments shall have a value equal to that of one core in determining slab thickness. 
The average thickness of each 2000 square yards will be determined from these 
measurements. An adjusted unit price shall be calculated for 2000 square yards or 
fraction and shall be used as the basis of payment therefor. In calculating the 
average thickness of the slab, measurements which are in excess of the thickness 
specified on the plans by more than one-half (14) inch shall be considered as the 
specified thickness plus one-half (14) inch, and measurements which are less than the 
specified thickness by one-half (14) inch or more shall not be included in the average. 

(e) No payment shall be made for slab which is found deficient in thickness by one- 
half (14) inch or more. When the measurement of any core or edge thickness indi- 
cates that the slab is deficient in thickness by une-half (14) inch or more determina- 
tion shall be made of the actual thickness of transverse sections of the slab at twenty- 
five (25) foot intervals set off along the center line of the’street in each direction from 
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the affected location until, in each direction, a transverse section of the slab is found 
which is not deficient in thickness by as much as one-half (14) inch on either edge or 
at the core taken on the same transverse section. The area of slab for which no 
payment will be made shall be the product of the full width of the slab or strip of 
pavement multiplied by the sum of the distances in each direction from the affected 
location along the center line of the street to the transverse sections found within the 
limit of tolerance as above set out. 

(f) When the slab is more than one (1) inch deficient in thickness and in the opinion 
of the engineer such deficiency is sufficient seriously to impair the traffic service 
expected from the pavement, the contractor will be required to remove such deficient 
areas and to replace them with concrete of a satisfactory quality and thickness. The 
contractor shall receive no compensation for materials or labor involved in the removal 
or replacement of the defective slab. If, on the other hand, in the opinion of the 
engineer, there is no probability of immediate failure, he may allow the contractor 
the choice of leaving the defective slab in place and receiving no compensation or 
payment for same, or of replacing the pavement as provided above. 

(g) The thickness of thickened edge slab shall be determined in the same manner as 
for uniform thickness slab except that the cores alone shall be used in determining 
the thickness of the central or uniform thickness portion and both core and edge 
measurements will be used in determining the thickness of the thickened edge portion. 
The average of two (2) edge measurements made within fifty (50) feet of the nearest 
core shall be taken as equal in value to the core measurement for determining average 
thickness of the edge portion. The penalties for too thin pavement shall be the same 
as for uniform thickness slab except that the central or uniform thickness portion 
shall be kept separate from the thickened edge portion in calculating the area upon 
which a penalty is to be assessed. If removal is required because of a deficiency in 
thickness of the uniform thickness portion, the entire slab, from edge to edge, shall 
be removed. If the measurements indicate that only the thickened edge is sufficiently 
deficient in thickness to require removal, only that portion outside the nearest 
longitudinal joint shall be removed. 

(h) If the contractor believes that the cores and measurements taken are not sufficient 
to indicate fairly the actual thickness of pavement he may request additional cores 
and measurements. Such measurements shall be made at intervals of not less than 
two hundred (200) feet. The cost of additional cores and measurements shall be 
deducted from any sums due the contractor. 

Deductions for deficient thickness may be entered on any estimate after the infor- 
mation becomes available. 

68. Before the contract will be considered completed and the pavement ready for 
acceptance all equipment, surplus materials and construction debris of every descrip- 
tion shall be removed from the streets and the pavement and parking put in a neat 
orderly condition. All manholes, catch basins or other structures disturbed during 
construction shall be examined and any debris caused by the contractor shall be 
removed therefrom. 


APPENDIX 


I. 1. Preparation of Roadway Loh d ; : : 

Settlement of deep fills by saturation is recognized as a desirable construction 
method. When there is no danger of escaping water or the pressure of saturated 
earth damaging adjacent property, the following may be added to I. 1: 

(c) Embankment that is more than three (3) feet deep and has been in place less than two (2) years 
shall be saturated with water and allowed to dry out before pavement is placed upon it. Saturation 
shall be accomplished by jetting. Water shall be forced into the fill through a long pipe nozzle on the 
end of a hose. The nozzle shall be slowly forced into the fill at points not more than five (5) feet apart 
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in each direction and the flow of water continued until the fill is saturated from top to bottom. After 

jetting the fill shall be covered by at least one (1) foot of water held in place by dykes. Water covering 

7 — not be renewed and, if necessary, shall be drained from the fill after the expiration of two 
weeks. 


II. 5. Cement 

If it is considered advisable to open any portion of a pavement in less than the 
usual time required for curing, special portland cements, or special mixes as explained 
more fully in the Appendix under paragraph VII, 41 may be used. 

High early strength portland cement as the name implies is essentially a portland 
cement but special care is taken in the manufacturing process to produce the qualities 
essential for quick hardening. High early strength portland cements have not had 
the time test for durability that standard portland cements have had. A good high 
early strength portland cement should cae as strong concrete in 3 days as normal 

rtland in 28 days. The American Society for Testing Materials has a Tentative 
Specification, Serial Designation C74-30T, for High Early Strength Portland Cement. 
II. 6 (a) Fine Aggregate 

Washed sand has been specified to assure uniform grading as well as a clean sand. 
Bank run sand is usually not uniform in grading due to the non-uniformity within 
the deposit and when not put through a washing plant there is probably no thorough 
mixing. If the engineer is positive that he can obtain clean uniform sand without 
washing, then this sentence should be stricken out. The committee is of the opinion 
that washing is good general practice. 

II. 7 Coarse Aggregate 

When feasible, it is suggested that the following be added to the specifications for 
coarse aggregate: 

Coarse aggregate shall be delivered in two (2) sizes which shall be kept separate until the propor- 
tion of each size for each individual batch is separately weighed. The finer size of coarse aggregate 
shall range between that retained on the number four (4) sieve and that passing the one (1) inch sieve; 
the coarser size shall range between that retained on the one (1) inch sieve and that passing the two (2) 
inch sieve. 

In some localities the maximum size for coarse aggregate may be 2! inches. 

II. 9 and 10 Reinforcement 

Reinforcement, when used, should be designed to withstand the tensile stresses 
set up when the slab is slid over the subgrade as the concrete contracts as it cools or 
dries. The longer or thicker the slab, the greater the weight which the steel has to 
pull and the greater the area of steel as The formula for area of steel is: 


a@™@sc- Si 
Where: 

a is the area of steel in square inches per foot of width, running in the direction 
in which L is vinhlin: 4 

L is the length in feet (or width for transverse steel) of slab between joints 
which are not held together by tie bars or reinforcement. 

W is the weight of slab in pounds per square foot. 

f is the coefficient of subgrade friction, usually assumed to be 2. 

S is the allowable tensile stress in steel, usually taken as 20,000 lb. per sq. in. 
for bars and 25,000 lb. per sq. in. for mesh. 


Reinforcement should not be used where transverse joints are omitted or are more 
than 50 ft. apart, for then it may cause transverse cracking. 


Longitudinal shear bars are recommended for plain concrete pavement where no 
transverse joints are used or where transverse joints are so far apart that intermediate 
cracking is probable. They are installed 6 inches from the edge and midway between 
top and bottom of slab. Their sole function is to strengthen corners formed by trans- 
verse cracks; they do it by carrying part of the load on one corner across the cracks 
to the adjacent corner. Since reinforcement serves this same purpose, shear bars are 
not required in reinforced concrete slabs. Some designers require shear bars along 
longitudinal joints, but where the joint is formed by deformed metal plate and the 
two halves are held together by tie bars, shear bars are, theoretically, not needed. 

The bond must be broken between the concrete and shear bars when transverse 
joints are omitted or are more than 50 feet apart as otherwise the steel will carry 
tension stress across transverse cracks and cause extensive corner cracking. The 
bond is broken by painting the bar with red or blue lead and with a coat of heavy 
oil, as indicated below. 
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The following specification is suggested: 


Shear Bars. Round smooth bars, meeting the specifications for steel bar reinforcement, of the size 
shown on the plans and not more than thirty (30) feet long, shall be placed in tle pavement along the 
outer edge and on either side of all longitudinal joints where the edges of slabs are not keyed or tied 


tgeeiee. The bars shall be placed six (6) inches from the edge and midway between top and bottom 
of slab. 


Each bar shall be painted, at the site of the work, with one coat of red lead or sublimed blue lead 
paint. After the paint coat has entirely dried and immediately prior to placing the bar in the concrete, 
the bar shall also be entirely coated with heavy oil. The bar shall be supported and held in place by 
steel pins or chairs, driven into the subgrade and left in place after concrete is deposited. The support- 
ing pins shall be spaced at not more than five (5) foot intervals, shall support the rods by contact with 
the ground and hold them at the proper distance from the edge by contact with the forms. 


The ends of shear bars shall be lapped twelve (12) inches and the lapped portion shall be adequately 
supported. 


Shear bars shall not extend across expansion joints. 
IV. 26 Dowel and Tie Bars 

It has been customary to use 34-in. dowels spaced 3 ft. apart across transverse 
contraction and expansion joints. Dr. Westergaard has made a theoretical analysis 


which indicates that this spacing renders dowels useless in slabs approximately 7 in. 
thick, and that they should, instead, be placed at 2 ft. intervals. 


Tie bars across longitudinal joints are installed to prevent the separation of the 
slabs on either side of the joint, and destruction of the load distributing ability of the 
deformed center joint. They must have sufficient bond and strength to pull the 
concrete on either side of the joint over the subgrade as the joint tends to open with 
subgrade settlement or contraction of the concrete. The total area of tie bars required 
between any two transverse joints is, then: 

LiWb 


rs 


1 

Where the letters have the same meaning as in the formula for reinforcement and b 
is taken as the distance from the longitudinal joint in question to the nearest longi- 
tudinal joint not held together by the tie bars, or to the free edge of the slab, L is 
the distance in feet between the two transverse joints bounding the slabs for which A 
is being figured. The area of individual bars and the spacing between bars is then 
calculated so that the required total area of steel is secured. 
Il. 12 Joint Filler 

Other types of premolded joints, particularly those made of rubber or containing 
rubber and a el air joint, have been recently put on the market. The specifications 
cover only the type which has been most commonly used, but this must not be con- 
strued as the committees’ opinion that this is the best form of joint. 
II. 13 Poured Joints 


There is no established specification for joint filler. The uncertainty as to what to 
use caused by the lack of definite information on this subject would justify a national 
research project by some well organized research agency. The Committee based 
this specification on experience and information available. 

III. 22 Pavement Section: 

On average subgrades where individual wheel loads will not exceed 8000 lb. an 
edge thickness of 9 in., tapering to a thickness of 61% in. at a distance of 3 ft. from the 
edge is recommended. For wheel loads of 10,000 pounds a 10 in. edge and 7 in. central 
portion is recommended, and for a 12,000 Ib. wheel load an edge thickness of 11 in. 
and interior thickness of Sin. Thickened edges should be used along all longitudinal 
expansion and construction joints. 

When uniform thickness slabs are used the slabs should be 9, 10 or 11 in. thick to 
carry the 8000, 10,000 or 12,000 lb. wheel loads unless the slabs have integral curbs 
or the wheels cannot reach the extreme edge of the slab. If the latter is true then 
7-, 8- or 9-in. slabs can be used for the loads. Where local experience indicates that 
other slab thicknesses are satisfactory experience should govern. 


A cross slope of 14 in. per ft. from center to edge is recommended for roads and 
is in. per ft. for streets or wide roads. The cross slope need never be more than 4 
in. per foot, except on warped crowns, where it should not exceed 1% in. per ft. 

IV. 23 Joints 

Expansion joints are put in pavements to prevent compression stresses as the 
pavement expands with increasing heat or moisture. The amount of expansion space 
required depends upon the temperature of the concrete when it is laid and the maxi- 
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mum Fp woes temperature during the hottest days of summer. For most of the 
United States a ]-in. expansion interval for each 100 ft. of pavement is sufficient. 
That may be put in as a 3¢-in joint every 35 ft., a 44-in. joint at 50 ft. intervals, a 
5-in. joint every 60 ft. a 34-in. joint every 75 ft. or a l-in. opening every 100 ft. 
When the distance between expansion joints is made more than 40 ft., contraction 
joints should be installed at suitable intervals between expansion joints. 


Both theory and experience indicate that if transverse joints are put in, they should 
be installed at intervals of from 20 to 40 ft. On average or sandy soils the upper limit 
may be used. On soils which expand and contract greatly, or where an oversanded 
mix or a Coarse aggregate of mes size is to be used, the spacing should approach the 
lower limit. An expansion joint 1l-in. wide every 105 ft. with contraction joints 
between them at intervals determined by local conditions is recommended. 


r transverse expansion and contraction joints are omitted in some states 
on the theory that it costs less to allow cracks to form than to install joints, and that 
the rough edges at cracks serve to transmit loads from the end of one slab to the 
end of the next. This practice has been satisfactory when the edges of cracks were 
protected from ravelling by careful maintenance. The present tendency, however, is 
toward the use of transverse expansion joints interspersed with two or more contrac- 
: tion joints. 

Longitudinal joints should divide pavement into strips not more than 15 ft. wide. 
Strips 10 ft. wide, forming definite traffic lanes, are recommended. 


V. 33 Material for Forms 


It is recommended that steel forms be required except on curves of less than 150 
ft. radius. Steel forms are especially desirable when the pavement is finished mechan- 
ically, because their stronger section and better joints support the weight of the finisher 
without bending and make a smoother riding pavement. 


It is also recommended that the wooden forms used in preparing poured joints be 
: thoroughly water soaked before using. All forms, wood or steel, should be greased 
or oiled before using and thoroughly cleaned and regreased or re-oiled before using 
again. 


VI. 37 Water Supply Equipment 


} The pipe line size requirement is put in because it so often happens that the pipe 
i line is too small to deliver water at the rate desired for mixing and necessary for curing. 
For street work where water from city hydrants at high pressure is available within 
short distances, pipe line is usually not required. 


On account of air pockets and variations in pressure, a more accurate water meas- 
urement can be obtained by equipping the mixer with auxiliary open tanks. The 
: Committee, while hesitating to include this as a general requirement, recommends 
: its use. (See sketch). 


VII. 41 Proportioning 


The proportions stated in the specification should make concrete suitable for con- 
crete pavements. The combination may not be an economical one however, for 
by a more scientific method of proportioning the desired strength and durability 
may be obtained at less cost. This is particularly true in some localities where mater- 

ial to meet the requirements of these specifications would have to be shipped in at 

i considerable expense whereas local materials, if properly combined, could be used. 

: Engineers are urged to fix proportions for available local materials by the trial mix 
water-cement ratio method. To assure durability not less than 1% bbl. of cement 
should be used per cu. yd. of concrete and the volume of fine aggregate should not be 

\ less than 1% or more than the volume of the coarse aggregate. The strength is 

/ determined by the amount of mixing water. Five and one-quarter gallons per sack 
of cement is recommended. The amount of water necessary to produce the desired 
quality concrete varies with the cement and aggregates and where engineers are able 
to avail themselves of testing equipment further economies may be realized and the 
desired strength obtained. No more water should be used than is necessary to secure 
a workable concrete. This will usually be obtained when the slump is between one 
and three inches. 


In proportioning by the water-cement ratio method the quantity of water and 
cement are fixed; the quantity of aggregate used is the quantity which can be com- 
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bined with the water and cement to form a concrete with the desired plasticity and 
workability. The amount of any given fine and coarse aggregate which can be com- | 
bined with the specified amount of water and cement can be determined by calcula- i 
tion from the sieve analysis of the aggregates or it may be found by trial. In pro- 
portioning by trial, water and cement are combined in the specified proportion and 
| fine and coarse aggregate are added to this water-cement paste until the desired 
concrete is secured. The proportions determined in this trial batch are then used 
| until a change in the aggregates makes it necessary to reproportion the mix. i 
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WATER SUPPLY EQUIPMENT 


The more aggregate added to the water-cement paste the greater the yield of 
concrete and the drier the concrete becomes. The greater the amount of sand used 
the easier it becomes to place and finish the concrete, but sand dries up the mixture 
more quickly than the coarse aggregate. So the greatest yield of concrete per sack 
of cement is secured when the mixture contains as much coarse agregate as it can 
carry without becoming harsh and unworkable and as much fine and coarse aggregate 
as it can carry without becoming so dry it cannot be placed and finished economi- 
cally. It will be found that more well graded aggregate can be combined with the 
water-cement paste than poorly grade aggregate so, other things being equal, a 
well graded aggregate is the more economical. But one of the advantages of water- 
cement ratio proportioning is the possibility of combining poorly graded aggregates 
in such a way that good concrete is secured. So when water-cement ratio specifica- 
tions are used the grading specifications can be modified, but it should be required 
that aggregate be handled in such a manner that the grading does not change from 
batch to batch or from hour to hour. 


The best success with water-cement ratio specifications has been attained when 
the engineer stood ready to advise the contractor concerning the probable propor- 
tions and yield before the contract was let. The contractor submits to the engineer 
samples of the aggregate which he expects to use and the engineer determines, by 
calculation or trial, the probable proportions and yield., The contractor bases his 
bid on this information. 


_ When the water cement ratio method of proportioning is used the engineer should 
give the grading of fine and coarse aggregate then]permissible. 


_ The yield per batch can be computed as the sum*of the absolute volumes of the 
ingredients: cement, water, and aggregates. This may be slightly in error due to 
air voids and water lost due to leakage, absorption by subgrade and evaporation. 
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High Early Strength Concrete. If high early strength concrete is desired the fol- 
lowing specification is suggested. 


When the plans or proposals require that the concrete be so proportioned that the pavement can 
be opened to traffic in three (3), five (5), or seven (7) days, the mixing water per ninety-four (94 
pound sack of portland cement shall not exceed the U. S. gallons given in the table below, for the cor- 
responding specified opening time. The quantity of water shall include the moisture on the surface 
of the aggregate. The moisture which the aggregate will absorb in thirty (30) minutes shall not be 
included as mixing water. 


Age of Pavement Opened U.S. Gallons of Mixing Water Per 94-Pound Sack of Portland Cement 








to Traffic _- ———-— -——~- 
— Average Temperature of Concrete During Curing Period 
Days 50 Deg. F. 70 Deg. F. 
3 3 44 
5 4 434 
7 434 5% 


In paragraph 44a Mixing the mixing time should be changed to two minutes and 
the curing period may be only until the beam or cylinder tests indicate that the 
pavement can be opened to traffic. 


_ If the engineer prefers, a high early strength may be secured by the use of a High 
Early Strength Portland Cement. In that case the following specification is sug- 
gested: 


Where indicated on the plans or noted in the proposal a high early strength concrete pavement shal! 
be constructed. 


: The cement used for high early strength pavement shall meet the Tentative Specifications for High 
Early Strength Portland Cement of the American Society of Testing Materials, (Serial Designation 
C74-30T). 


The proportions of cement, water, fine and coarse aggregate shall be as specified in Section VII 
paragraphs 40, 41, 42, and 43 of these specifications. 


High early strength concrete pavement shall be opened to traffic when it has acquired the strength 
specified in Section XI paragraph 65 of these specifications. 


VIII. 45 (a) Mixing 


The mixer drum should operate at such a speed that the concrete is carried part 
way up the side of the drum and then slides back with a kneading motion. If the 
speed is too slow the concrete is not carried high enough; if too fast centrifugal 
forces may hold the concrete against the drum for the entire revolution, or carry it 
so high that it merely falls back inte the bottom of the drum. Mixers are designed 
by their manufacturers to revolve at the proper speed for thorough mixing, but should 
be checked up occasionally. For the 27E drums the proper speed seems to lie bet ween 
12 and 22 r.p.m. 


The large mixers commonly used in central mixing plants must operate at slower 
speeds else the centrifugal force will be great enough to prevent proper mixing. It 
is not uncommon to find such mixers running at from 7 to 10 r.p.m. It seems logical 
to assume that concrete is not as thoroughly mixed by 7 revolutions of the mixer 
drum as it would be by 15. A specification requiring a longer mixing time for mixers 
that operate at speeds less than 12 r.p.m. is therefore included. The engineer should 
determine by trial the time required to get thorough mixing with the larger mixers. 

When centrally mixed concrete is used it is necessary to use care and judgment in 
determining the slump, workability and plasticity of the concrete when it is deposited 
upon the subgrade. Changes in temperature and humidity may cause variations in 
the consistency of the concrete while in transit and result in unsatisfactory placing 
and finishing conditions. The time permitted to elapse in hauling the concrete will 
therefore vary with weather conditions. Under average summer conditions in the 
temperate zone it is believed that not more than one hour should elapse between the 
time of discharge at the central mixing plant to the time of discharge on the sub- 
grade for final placement. 


X. 55 Finishing Concrete 


The width of the section under construction has a large influence on the quality 
of the finish of a concrete pavement. This is particularly true of hand finishing but 
is also true to some extent when a machine is used, since some hand work must follow 
it. It has been found through experience that a width of 30 ft. is the maximum fo: 
good results. The street should be paved in sections of no greater width than this 
and wherever possible, sections or strips of less width should be used. The quality 
of the finish increases nearly directly as the width decreases. 
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X._ 56 (e) and 5? (e) Surface Scraping 

This operation is recommended in all sections subject to frequent freezing weather 
and particularly when pavements built in such locations will be subject to heavy 
chain traffic. 

Because of a number of conditions, most of which could be eliminated by strict 
compliance with the requirements of good construction, a mortar coat of varying 
thickness is formed on the surface of the slab. This coat contains laitance, inert 
matter from the aggregate, finely divided cement partic les and usually has a high 
water content. It has a different coefficient of expansion than the main body of the 
concrete, is porous and weak and friable. Expansion and contraction stresses tend 
to break its bond with the main body of the concrete. Water enters and freezes, 
completing the severance of the bond and under traffic this coat breaks loose, form- 
ing one of the minor failures in a concrete pavement commonly known as “scaling.”’ 

Practically all instances of scaling are harmless as far as the structural stability 
of the slab is concerned, and this action nearly always stops when it reaches the sound 
concrete in the main body of the slab, yet it is a surface blemish which should be 
avoided because of its effect on the appearance of the pavement. 

As insurance against too frequent occurrence of this blemish and also as a means 
of reducing it both in area and depth, ‘“‘scraping”’ is recommended. This method has 
been followed by several of the largest and most successful concrete road building 
agencies. 

Ordinary wooden straight-edges, 6 to 10 feet in length with long handles. are the only 
tools necessary. On the usual job there are two finishers. The finisher on one side 
should reach out with the straight-edge so that when it is set down on the slab it 
will be on the far side of the center line. He then draws the straight-edge gently 
and uniformly toward the side form, taking care that the edge of the tool bites in 
just enough to get the excess mortar but not enough to disturb the coarse aggregate. 
All excess material should be pulled entirely off the surface. Successive scrapings 
should partly overlap each preceding one. 

The finisher on the opposite side repeats the same operation, lapping the first one 
at the center line. 

Not only does this operation remove the excess mortar, but it also removes free 
water which has come to the top, and irons out small irregularities in the finished 
surface which cannot be detected by straight-edging. To allow excess water to come 
to the top, the operation should be delayed for at least 10 minutes or more, depending 
on weather conditions, after the longitudinal floating or belting has been done. 

The straight-edges used for this purpose should be separate ones from those used 
to detect surface irregularities. They should be of wood and should be replaced when 
the cutting edges become too rounded or the straight-edge itself becomes warped. 
XI. 60 Curing 

Various curing methods other than by water have been promoted and used the 
last few years. A special Curing Committee of the Highway Research Board made 
the following summary in their 1930 report: 

The purpose of any curing is to assure sufhcient moisture and a favorable temperature so as to 
hydrate the cement. This is accomplished by providing additional water or sealing in mixing water 
in the concrete so that it is not lost by evaporation. It is generally conceded that curing by water is 


the best method but it takes constant attention to see that it is properly done and to avoid the necessity 
of this constant supervision and the risks that it will not be properly done certain substitute methods 
have been used. ; J 

Considerable information is presented in the Progress Report of a Special Committee 
on Curing in the Proceedings of the Tenth Annual Meeting of the Highway Research 
Board. The following conclusions are quoted from this report: 

In view of the facts given in the foregoing paragraphs the Committee concludes that: 

1. Surface coatings of calcium chloride or the bituminous materials covered by the tests reported 
are satisfactory as respects strength, for use as a agents. 

2. Further information is needed as to the factors that influence the efficiency of sodium silicate 
surface covering as respects strength before definite recommendations can be made. 

3. Further information is needed as to the factors that influence the efficiency of calcium chloride 
used integrally as respects strength before definite recommendations can be made 

4. Calcium chicsite surface application used as a curing method under normal conditions is not a 
primary cause of scaling 

5. If conditions conducive to scaling are present the scale will probably occur to some extent under 
either earth and water or calcium chloride surface methods of curing. 

6. Insofar as calcium chloride surface curing is concerned, scaling is not an important factor. 

7. The volume changes occurring with the use of wet earth, calcium chloride surface treatment and 
sodium silicate as curing agents were not great enough to make this factor a matter of importance in 
deciding upon their use. 

8. It may be expected that the use of bituminous coatings for curing will result in a greater tendency 


toward shrinkage cracks than will the use of wet earth. However, when shrinkage cracks are preve nted 
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by means of properly spaced transverse and lognitudinal joints, this tendency need not be considered 
a factor of major importance in considering the use of bituminous coatings as curing agents. 


The following specifications are given for engineers who may wish to specify other 
methods of curing. When any of the following methods of curing other than with 
Bituminized Membrane are used, wet burlap shall be placed on the pavement and 
kept continuously wet for not less than 16 hours and until the final curing agent is 
applied. The use of the saturated burlap shall conform to the requirements given 
in Article 60 of the specifications. 


Curing by Bituminized Membrane. Several current processes of curing are embraced in this general 
method. No method of curing even though complying with the terms and requirements hereunder 
prescribed, shall be used in _ project until the engineer has given written approval for use in the 
specific project where proposed, after examination of the detail specifications covering the particular 
method proposed, and examination and test, if necessary, of the curing agents and material proposed 
for the project. 

With this general method concrete shall be cured by means of an impervious membrane consisting 
of a bituminous mastic or film, or of a bituminized paper or some combination of each. 

The bituminous mastic or film shall consist of a hot application of suitable bituminous material or 
of a cold application of a cut-back, an emulsified bitumen or a cold application of tar; in any case the 
material shall be such as will harden readily after application and form quickly a homogeneous, im- 
pervious film or mastic over the entire surface of the pavement. The bituminous membrane shall be 
applied under pressure with a spray nozzle in such a manner as to cover the entire pavement with a 
uniform film. The bituminous material] should be applied as soon as the surface has n finished and 
any excess water on the surface evaporated. The amount, of material applied shall be ample thor- 
oughly to seal the surface of the pavement. 

Full compensation for curing the pavement by this method, together with any 1oyalty charges occa- 
sioned by the use of patented processes, shall be considered as included in the unit price for concrete 
(pavement) and no additional allowance will be made therefor. 

Calcium Chloride Surface Application Method. The entire surface of the pavement shall be covered 
with flaked or granulated calcium chloride, applied at a rate of not less than two (2) or more than two 
and one-fourth (244) pounds per square yard of surface, spread by a squeegee or other suitable mechan- 
ical device so that a uniform distribution is obtained. Calcium chloride shall not be spread by means 
of shovels or brooms. The calcium chloride shall not contain lumps larger than three-eighths ( %«) 
inch in diameter. A period of at least sixteen (16) hours after the concrete has been poured shall 
elapse before the calcium chloride is applied. Calcium chloride shall not be applied during a rain. 

‘alcium Chloride Admixture. With this method all curing of the wearing surface of the pavement 
after the removal of the burlap may be dispensed with except that protection on account of cold weather 


* shall be provided as hereinbefore prescribed. 


In lieu of surface curing other than the preliminary sixteen (16) hour protection by burlap the curing 
of the concrete shall be accomplished by incorporating in the mix a calcium chloride solution prepared 
and used as prescribed below. 

The water used in the concrete mixture shall contain calcium chloride uniformly dissolved in the 
proportion of approximately two (2) pounds for each bag of cement. 

he following method shall be used for the preparation of the solution and any modification of same 
must receive the approval of the engineer: . ‘ 

There should first be prepared a concentrated solution of calcium chloride made by adding one hun- 
dred (100) pounds of granulated or flaked calcium chloride to thirteen (13) gallons of water accurately 
measured and previously placed in container. The total volume of this calcium chloride solution will 
approximate nineteen (19) gallons. The solution shall then be thoroughly stirred until it is of uniform 
concentration, and it shall have a minimum specific gravity of 1.31 at 60°F. 

For each bag of cement used in the concrete mixture, add thirty-nine hundredths (0.39) gallons 
(3 pints) of the above referred to solution of calcium chloride for furnishing approximately two (2) 
pounds of calcium chloride to each bag of cement. ’ f 

A positive approved method shall be used for adding this solution in the drum of the mixer at time 
of mixing each batch of concrete, and it should always accompany or follow the addition of the required 
water. 

Sodium Silicate Surface Application Method. The entire surface of the pavement shall be covered 
with an application of a solution of silicate of soda as hereinafter prescribed. .The wetted burlap shall 
be yenstred after the concrete has reached final set—not eailier than sixteen (16) hours after placing 
and usually not later than ten A. M. of the day following the placing of the concrete—and the solution 
of silicate of soda shall be immediately applied. p 

The solution shall be brushed on with a broom having pliable fibers or sprayed uniformly over the 
surface. It shall not be applied during a rain or if any surface water is present on the concrete. If 
rain occurs within six hours after such application, the concrete shall be recoated with the solution. 
The amount of silicate of soda necessary to make the quantity of the solution required will be at the 
rate of not less than nine tenths (0.9) of a pound to each square yard of concrete surface. The silicate 
of soda shall have a density of between 42.25 deg. and 42.75 deg. Baume at 60 deg. F., and the ratio 
of one part of sodium oxide (Na2O) to not less than 3.2 parts of silica (SiO®). The above described 
silicate of soda shall be diluted with water to form a solution of a density of between 36 deg. and 37 
deg. Baume at 60 deg. F. This mixture shall be thoroughly stirred before use to complete a uniform 
solution. Approximately three (3) parts of silicate of soda to one (1) part of water will be required 
for this solution. 


XI. 61 


A double thickness of burlap holds water longer and therefore requires less 
sprinkling and provides better curing than the single layer. It has therefore been 
required in these specifications. It is suggested that not less than 6-ounce burlap be 
specified. The weight of burlap is based on a length o° one yard and a width of 40 in. 
The specification might then be written “burlap weighing not less than six (6) ounces 
per 10 square feet.” 











PLAIN AND REINFORCED CONCRETE ARCHES 


Progress Report on the Limitations of the Theory of Elasticity, and the 
Effect of Plastic Flow, Shrinkage, Temperature Variations and the 
Freyssinet Method of Adjustment* 


BY CHARLES §. WHITNEY, AUTHOR-CHAIRMAN, COMMITTEE 312 


1. INTRODUCTION 


THIS REPORT is the result of an attempt to establish a rational method 
of determining the stresses in concrete arches due to live and permanent 
loads as effected by plastic flow, shrinkage and temperature varia- 
tions. It is based on an extended study of the reports of laboratory 
and field tests and theoretical investigations to which reference is 
made. 

It is considered a progress report because many pertinent investiga- 
tions are still under way and it does not appear proper at this time to 
attempt to draw final conclusions regarding the basic principles of 
arch design. Some of the conclusions of this report are new and some 
are contrary to present accepted ideas. It is therefore to be hoped 
that there will be a full discussion by those engineers and investigators 
who have information which will be helpful in effecting a more definite 
solution. 

A new expression is derived for the relation between sustained strain 
and residual stress in the arch which shows the effect of plastic flow 
in the concrete on stresses due to rib-shortening, shrinkage, ete. 
(Eq. 8) It is supported at least approximately by observed facts but 
lacks full experimental verification. It makes possible a modification 
of the ordinary theory of elasticity so that it can be used for estimating 
stresses due to causes other than live load, and it indicates that the 
Freyssinet method of stress compensation is not as effective as it has 
been generally considered. 

It is evident that the customary method of computing maximum 
stresses in concrete arches does not approximate the real values. In 
spite of the very great complexity of the problems involved it is 





*The author submitted this report to Clyde T. Norris and M. O. Withey. serving as critic members of 
the committee and gratefully acknowledges their suggestions in its final revision but assumes responsi- 
bility for the report as here presented.—Ep1ToRr 

tConsulting Engineer, Milwaukee, Wisc. 
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believed that a reasonably simple solution which will be accurate 
enough for practical purposes, is possible. It is also evident that the 
necessary approximations in assumptions regarding the behavior of 
the materials render much theoretical refinement entirely futile. It 
appears that concrete possesses a property which has not fully been 
appreciated. Its plasticity makes it much more adjustable than it 
has been considered and explains why it has given better service in 
some cases than could be expected of a brittle material. This report 
considers only fundamental principles and does not discuss in detail 
the selection of unit stresses or limiting proportions of arch ribs. It 
is necessary first to reach some agreement regarding the fundamentals. 


2. LIMITATIONS OF THE THEORY OF ELASTICITY 


The reactions of a restrained concrete arch produced by live load 
can be determined satisfactorily by means of the ordinary theory of 
elasticity (39).* This assumes that stress is proportional to strain 
and that the materials are fully elastic. Concrete is quite plastic at 
early ages and under the action of sustained loads, but when thoroughly 
set it behaves nearly as a fully elastic material within the range of 
working stresses under live loads of short duration. 

The modulus of elasticity of the concrete at different points in an 
arch may vary as much as 30 per cent but the actual and theoretical 
live load reactions will still be in close agreement if the average value 
of the modulus of elasticity is used. (37) (49) (32) (36) “The geometri- 
cal theory of analysis for arch reactions appears more dependable 
than the theory of flexure used to compute the fiber stresses produced 
by those reactions and more dependable than the concrete itself.’’ (37) 


The Yadkin River bridge tests (32) gave some very valuable informa- 
tion on the accuracy of live load stresses in the concrete and steel at 
any particular section of an arch rib as calculated from reactions 
determined by the theory of elasticity. The stiffness of the superstruc- 
ture materially reduced the maximum stresses in the arch ribs and 
when the superstructure was cut so as leave the rib unrestrained, the 
theory gave reasonably good results. 


The agreement between the measured and theoretical compressive 
stress in the concrete was found to be much closer when the concrete 
was assumed to take tension than when it was assumed to take no 
tension. The measured stresses in the steel were, in general, less than 
the stresses computed on the assumption that the concrete takes no 
tension and greater than those computed on the assumption that 
the concrete takes its proportionate share of the tension. 


*Figures in parenthesis are to references listed at the end of this paper. 
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Investigations made on actual structures indicate a value of the 
modulus of elasticity of the concrete nearer 4,000,000 than 2,000,000 
lb. per sq. in. The value of n should be computed to correspond. 

Although it has been customary to design arch ribs as though free 
and unrestrained from end to end, it is generally known that the 
superstructure has considerable influence. Because of the unlimited 
variety of design it is not possible to apply any general rule to all cases. 
While the superstructure may tend to reduce the live load bending 
moments it may greatly increase the bending in the rib due to such 
influences as temperature change at the ends and other points where 
joints in the superstructure are located. A number of investigations 
have been made of the effects of superstructure. (38) (28) (32) (33) 
(48). 

In addition to stresses produced by live loads and direct dead loads, 
there are very important stresses induced in a fixed arch by deforma- 
tions due to dead load rib-shortening, shrinkage of the concrete and 
variations of temperature and moisture content. These latter stresses 
are greatly influenced by plastic flow in the concrete which increases 
the rib-shortening under dead load but also relieves stresses produced 
by a more or less permanent flexural deformation of the rib from any 
cause. The calculation of the rib-shortening, shrinkage, and tempera- 
ture stresses in the customary manner as though the rib were elastic 
is entirely inadequate. 

It should be noted that in the case of an arch restrained at its 
abutments these stresses are produced by a deformation of the arch 
as though the abutments moved, causing a bending of the rib. It is 
therefore necessary to reverse the ordinary concept of strain produced 
by stress and consider stress produced by strain. Concrete is to a 
considerable degree plastic, so much so that when loaded permanently 
at an age of a few months the plastic deformation may ultimately be 
several times as great as the elastic deformation. It is therefore an 
error to attempt to calculate the stress caused by a deformation as 
though the material were elastic. It follows also that stresses under 
sustained loads cannot be calculated from extensometer measurements 
of strains. 

The many elaborate investigations of the properties of concrete 
made to date have not made it possible to predict accurately the 
behavior of concrete in an arch rib as it is affected by elasticity, plas- 
ticity, shrinkage and temperature changes, either separately or collec- 
tively. Laboratory tests indicate that each of these factors is influenced 
by so many variables that perfectly definite relations can not be deter- 
mined even for laboratory samples. It is also clear that plasticity and 
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shrinkage are affected by size and exposure, and that the results of 
observations on laboratory specimens are only an indirect indication 
of the action of full sized arch ribs. It is believed, however, that 
these investigations will determine general laws to such an extent as 
to make possible the interpretation of the observed behavior of actual 
arch ribs and a reasonably accurate estimate of the resulting stresses. 

The plastic flow under dead load, the shrinkage and a lowering of 
the temperature and moisture content all have the effect of shortening 
the arch rib and causing a lowering of the crown. The total amount 
of rib-shortening can be calculated quite accurately from a measured 
crown deflection, but that gives no indication of the amount due to 
plasticity or shrinkage alone. The measurements of crown deflections 
do show the limiting total effect of all these influences, and the labora- 
tory investigations of the separate influences will indicate the approxi- 
mate relative amounts of each. Through such an analysis a theory 
may be built up which will be useful in design. 

After the construction of an arch is completed, there is a gradual 
lowering of the crown which continues for some years at a decreasing 
rate until at the end of five or six years this action substantially stops. 
It was thought formerly that this was due to shrinkage of the concrete, 
but it has been shown that a portion of this movement is proportional 
to the stress in the concrete. It is due therefore in part to shrinkage 
and in part to plastic flow under load. 

In addition to this gradual lowering of the crown there is a rise and 
fall due to climatic changes, both in temperature and humidity. In 
some climates the moisture content of the concrete is lower during 
hot weather than cold and the effect of temperature changes is to some 
degree compensated by moisture changes. The theoretical rise or 
fall due to temperature change is given by Cross. (46) 

Fig. 1 shows the crown movements observed on the 295-ft. arch at 
Plauen over a period of about six years. (61.Vol.3 p.51) By means of 
such a curve the effect of plasticity and shrinkage can be separated 
from the seasonal effects of temperature and moisture. This curve 
shows a drop of 9.42 in. due to the former and a rise and fall of 2.35 
in. due to seasonal variations. The arch is built of stones of hard 
schist with 42 to 45 per cent mortar so its behavior is similar to con- 
crete. The drop of the crown appears excessive and may be due in 
part to foundation settlement. 

Fig. 2 is plotted from crown position measurements on the Neckar 
River bridge at Cannstadt (30) over a period of seven years. This 
is a 3-hinged, plain concrete arch of 187-ft. span. The total drop of the 
crown in seven years is approximately 2 in. due to shrinkage and plastic 
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Fic. 1—MOvrEMENTS OF CROWN OF ARCH OF BRIDGE AT PLAUEN 
(FROM GRANDES VOUTES, VOL. 3, P. 57) 
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Fic. 2—MOvEMENTS OF CROWN OF ARCH OF BRIDGE AT CANNSTADT 
(FROM ENGINEERING NEWS RECORD, VOL. 90, P. 664) 
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flow with a rise and fall of approximately 34 in. due to seasonal varia- 
tions. The 2-in. drop corresponds to a shortening of the rib of about 
0.00041 ft. per ft. span. 

Accurate records of the crown position of concrete arches for a 
period of 5 to 10 years would be of great value in determining the 
effects of shrinkage and plastic flow and the influence of the propor- 
tions of the arch and the character of the concrete. Unfortunately 
almost no records of the kind exist. No observations have been 
attempted on most of the important arches and such investigations 
when made are usually limited to a relatively short time. Perhaps the 
best information available as to the approximate maximum effect of 
shrinkage and plastic flow is that reported by Freyssinet after observa- 
tions on the action of a number of concrete arches over a period of 
10 to 15 years (50) (54). He reported that the maximum shortening 
depends on the amount of cement in the concrete and lies between the 
following limits. 


Cement in bbl. per Amount of shrinkage 

cu. yd. of concrete per unit length. 
1.55 0.0004 to 0.0006 
1.77 0.0005 to 0.0007 
2.00 0.0006 to 0.0008 


Freyssinet did not discover until later that part of this “‘retrait”’ 
was proportional to the stress in the concrete and was in reality due 
to plastic flow. These figures are necessarily very rough because both 
shrinkage and plastic flow are materially affected by other things 
besides cement content, such as reinforcement, climatic conditions, 
aggregate, etc. It is for this reason that observations should be made 
on many bridges 


3. PLASTIC FLOW AND DEAD LOAD RIB-SHORTENING 


During the last few years much has been learned through laboratory 
investigations of the behavior of concrete under sustained load. The 
work of Davis in America (4) and Glanville in England (5) is outstand- 
ing. In the light of these investigations, a study will now be made of 
the effect of stress on strain and of strain on stress in concrete arch 
ribs. Both phases of the stress-strain relationship are involved in the 
case of a restrained arch because the direct strains produced by dead 
load, shrinkage ete., result in bending strains which in turn produce 
stress. 

All laboratory investigations of plastic flow of conerete under sus- 
tained load reported to date have been on the effects of stress on strain. 
In general, the observations have been limited to the measurement of 
strains resulting from sustained constant stress. The other side of the 
problem involved in restrained arches, the effect of sustained strain 
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on stress, has not been investigated, but it is possible to develop a 
theory of this effect which is at least approximately verified by observed 
facts. 

The effect of sustained stress will first be considered. When con- 
crete is kept under sustained stress at constant temperature and humid- 
ity there are three factors which produce changes in length over a 
period of time. These are plastic flow, shrinkage, and change in 
modulus of elasticity of the material 

These are shown diagramatically in Fig. 3. (5) At the time of load- 
ing, there is produced an instantaneous elastic strain and an almost 
instantaneous plastic strain. The elastic strain represents the recovery 
on release of load, and as time goes on the modulus of elasticity of the 
concrete increases somewhat and the elastic strain correspondingly 
decreases. The plastic strain and the shrinkage strain continue to 
increase at a decreasing rate for a long time. Observations on arches 
indicate that this action has practically ceased at the end of about 
five or six years. 


Strain 
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Kia, 3-—-STRAIN IN CONCRETE UNDER CONSTANT LOAD 


Glanville has made observations (5.p.6) showing that within working 
stresses this instantaneous strain is practically proportional to instan- 
taneous stress, but that plastic flow starts immediately and a strain 
measured even a few seconds after the application of load is a com- 
bination of elastic and plastic. The increase in the strain to stress 
ratio shown by the ordinary stress-strain curves is due principally 
to plastic flow because of the time which ordinarily is required to 
make the observations. The true modulus of elasticity of the material 
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is the initial tangent modulus and the so-called secant modulus is not 
a modulus of elasticity but merely a modulus of total strain for that 
particular time because it contains the effect of considerable plastic 
flow. This conception has a particular bearing on arch analysis 
because it is necessary to differentiate between elasticity and plasticity. 
In ordinary flexural or compression members this may not be so im- 
portant as the determination of the total strain. 

Some general laws of plastic flow have been discovered which are 
very useful: 

1. Glanville concludes that the plastic flow over long periods is 
practically proportional to applied stress within the range of working 
stresses. Davis agrees substantially with this although he has observed 
that for very high stresses the flow appears proportionally somewhat 
greater and that this effect is more marked in the case of water-stored 
specimens than of air-stored. For the purpose of this study it is con- 
sidered sufficiently accurate to assume that the plastic strain as well as 
the true elastic strain is proportioned to stress within working loads. 

2. Both the plastic flow and the elastic strain are less for richer 
mixes. Glanville states that the plastic flow is approximately pro- 
portional to the quantity of aggregate used per unit of cement. 

3. The plastic flow is materially less for specimens stored in water 
than for those in air. It is therefore safe to conclude that the flow in 
massive arch ribs exposed to the weather is less than in laboratory 
specimens cured in the air. This might of course not be true with thin 
ribs in an unusually dry climate, and the climate and exposure 
should always be given consideration. 

4. Plastic flow appears to be affected by the characteristics of the 
cement, the water-cement ratio, and the characteristics and fineness of 
the aggregate to such a degree that the exact behavior cannot be pre- 
dicted. Portland cement is assumed in this discussion. Davis found 
that either the mineral characteristics of the aggregate or the moisture 
conditions of storage can cause a variation of flow in controlled labora- 
tory specimens of over half of the maximum value. It is this difficulty 
in predicting the amount of flow that makes the observation of actual 
arches of the greatest importance. 

5. The greater the age of the concrete at the time of applying the 
load, the less will be the resulting plastic flow for any duration of 
loading. Glanville’s tests showed that the flow during the first month 
or so after loading is comparatively rapid, decreasing in amount with 
the age at loading, and that the subsequent flow is for all practical 
purposes dependent only on the age of the concrete and not on the age 
of loading. 
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Davis suggests that the term ‘‘modulus of resistance’’ instead of 
‘modulus of elasticity’? be used when considering the relation between 
unit sustained stress and total unit deformation, including the instan- 
taneous or elastic deformation and the plastic deformation or flow. 

If we let: 
e = elastic deformation due to unit load. 


c = plastic deformation due to unit load. 
R = modulus of resistance. 


i il 


then 
oe 3 
r 
and 
oe Dee POR de ae ae Te oe ee eas. (1) 
e+c 


This value of R will be equal to #, at the time of loading and will 
decrease as the flow increases with time. In the case of laboratory 
specimens, the plastic deformation has been so great under some con- 
ditions that at the end of three years of sustained loading, the value 
of R is less than one fifth of F.. 


Glanville found the value of unit plastic flow c equals 0.00000102 at 
the age of one year for 1:2:4 concrete loaded at 28 days. His tests 
: ‘ F - . . n° CO at siti As 
were made on specimens stored in air at 20° C. and a relative humidity 
of 65 per cent. He indicates that this flow might ultimately reach 
0.00000153, an increase of 50 per cent after several years. 


At a location in the northern part of the United States where the 
relative humidity averages about 75 per cent, the flow would be less. 
It also appears safe to assume that the flow in a full sized arch rib 
must be less than in a small specimen, because the concrete has more 
protection from the atmosphere. The writer has assumed a total 
shrinkage of c = 0.000001 for 1:2:4 concrete loaded at 28 days and it 
will be shown later that this is not inconsistent with the observed 
deflections of arch ribs. This value is also within the range of values 
observed by Davis. 


A summary of some of the plastic flows observed by Davis is given 
in Table 1. (4, Table 13, p. 885). 


Glanville found the modulus of elasticity of the concrete to be about 
4,000,000 lb. per sq. in. at the age of one year with a slightly lower 
ralue atone month. The values of instantaneous deformation observed 
by Davis and given in Table 1 are the result of combined elastic and 
plastic strains and hence are greater than the elastic strains noted by 
Glanville. One series of tests made by Davis on specimens loaded at 
28 days showed instantaneous recoveries after 11 months of loading of 
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TABLE | 


SUMMARY OF OBSERVED DEFORMATIONS (DAVIS) 
Series 2—Period of Sustained Stress—1300 Days. 


4-in. and 14-in. cylinders, 1 part cement to 5.05 parts Crushed Granite 
Water Cement Ratio 1.03, Slump 3.2 in. 





l l 7 


























Instantaneous 
Conditions | Unit Stress | Deformation | Total Flow Unit Flow 
(Per Cent) (Per Cent) c 

Dry Storage 900 0.06 0.111 0.00000123 
Loaded at 28 Day Age | 600 0.03 0.069 0.00000115 
Air 70% Humidity 300 0.01 0.034 0. 00000113 
Dry Storage | 1200 0.05 0.134 0.00000112 
Loaded at 3 Month Age 900 0.04 0.091 0.00000101 
Air at 70% Humidity 600 0.02 0.062 0.00000103 
Water Storage 900 0.07 0.059 0. 00000066 
Loaded at 28 Day Age 600 0.04 0.035 0.00000058 
300 0.01 0.012 0. 00000040 

Water Storage 1200 0.05 0.048 0.00000040 
Loaded at 3 Month Age 900 0.03 0.036 0.00000040 
600 | 0.02 0.018 0.00000030 

Water Storage 600 0.06 0.060 0.00000100 
Loaded at 7 Day Age } 300 0.02 0.018 0. 00000060 











Series 3—Period of Sustained Stress—650 Days. 
4 in. and 14-in. Cylinders, 1 part cement to 5.67 part aggregate. 
Water Cement Ratio 0.89, Loaded at 28 Days. 





ia a a ee ee ie \ 








Stored in Air at 50% Humidity 800 0.03 | 0.090 0.00000112 
Stored in Air at 70% Humidity 800 0.03 0.063 0.00000079 
Stored in Air at 100% Humidity 800 0.03 0.030 0 .00000037 





Stored in Water 800 0.03 0.027 0. 00000034 








from 50 to 75 per cent of the observed instantaneous deformation at 
loading. A value of modulus of elasticity of about 4,000,000 lb. per 
sq. in. is also indicated by the tests on large arches previously quoted 
and that value will be used in the following discussion. 


The curves of Fig. 4 show the probable unit plastic and elastic 
deformations of the concrete in arch ribs under sustained load placed 
at ages of 1, 3 and 12 months. These curves have been constructed by 
the writer by modifying the results of laboratory investigations so that 
they will apply as well as can be judged to actual bridge arches. The 
curves may give values of flow too low for very hot, dry climates, and 
perhaps too high for some concretes. The rates of flow will actually be 
affected by seasonal changes resulting in irregular curves, the form of 
which cannot be accurately predicted. It is therefore futile to attempt 
a precise solution of the effect of plastic flow on stresses, and the writer 
believes that the use of ideal curves such as those of Fig. 4 will give 
satisfactory results. Irregularities in rate appear to have certain 
compensating effects, ultimately, and are unimportant compared to 
the total deformations. The total deformations are subject to at 
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least an approximate check by analysis of the behavior of actual 
arches. 

An ideal curve for the total unit plastic flow at the end of five years 
is given in Fig. 5 for different ages of loading. This is plotted from the 
5-year values of c in Fig. 4, extending the curve to an ultimate value 
at 5 years equal to about 5 per cent of the elastic deformation. This 
recognizes the fact that concrete not previously loaded never becomes 
perfectly elastic under initial load at any age. It is, however, the 
flow at earlier ages which is most important. 
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Kia. 4—UNIT PLASTIC FLOW IN 1:2:4 CONCRETE LOADED AT AGES 
OF 1 MONTH, 3 MONTHS AND 1 YEAR 


Having now assumed a definite relation between sustained stress 
and plastic strain, it is possible to proceed with a mathematical analysis 
and to develop a theory of the effects of such plastic strain on the 
stresses in arch ribs. 

The deformation of plain concrete under sustained load is given by 
the formula: 


Al fe(e te S iatenk gaia eas re Gee a ers eee SeTerrre ry Te ree ee ee (2) 


member reinforced with longitudinal steel is subjected to a constant 
load, there is a progressively decreasing proportion of the load carried 
by the concrete because of the progressive flow, resulting in a decreas- 


This assumes a constant stress in the econerete. When a concrete 
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ing stress in the concrete and an increasing stress in the steel. The 
initial stress in the concrete is equal to 
P 
fo 7, ‘’ E 
Pt] 


Dr teh GEAR GS-0 5.5.4 514 kw o<.<-< a5 ab mae ed ade WA 24 0:00 — 
+ E 


Glanville gives the following analysis of the effect of plastic flow 
(5 p. 22). Consider that f. is the average concrete stress during a 
small increment of time At when the plastic flow under unit stress 
increases by an amount Ac. It is necessary to assume a constant 
value of E., but the error is not very great. 
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Fic. 5—ToraL UNIT PLASTIC FLOW IN 1:2:4 CONCRETE UNDER 
SUSTAINED LOAD PLACED AT DIFFERENT AGES 


If the change in concrete stress during this time At is Af., and the 
change in steel stress is Af,, the sum of the elastic and plastic strains 
in the concrete equals the elastic strain in the steel, or 


Af. _ Af, 

fe Ac + E. E, 
then 

Af, Afe 

de i Se — Se 

Sk 


Also, since the total load remains constant the increase in steel load 
must equal the decrease in concrete load. Therefore: 
4f, A, = 4f. A. 
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Irom these two equations: 
Af, = De Ac 
i. o 
AE, E 
fie : 
= Je °¢ where b = A. + L = : a3 + i) 
b A,E, E E. \pn 
Sf, Ac 
or =< = — — 
Je b 
In the form of a differential equation 
Ge _ tk 
I, b 
which after integration gives 
fp = 12% = Lo ' ; (4 
/ e°’ = (2.71828)* / 


in which f, is the initial stress in the concrete on loading, e is the base 
of Naperian logarithms and ¢ is the plastic flow of plain concrete under 
unit stress occurring from the time of loading to the time under 


consideration 
If f, = the actual steel unit stress 
, 
fa = initial steel unit stress after loading I 
1, + at 
7 
f’. = the decrease in concrete unit stress due to flow 
f’, = the increase in steel stress due to flow and 
n= E, 
E. 


we have the following relations: 
Se=fatf's 


ft, = ts (: zi) Las (7) 
pn eb 


Consider the ease of an arch rib 12 in. wide, 20 in. deep, reinforced 
with 1.2 sq. in. of longitudinal steel symmetrically placed and resisting 
a dead load thrust of 50,500 Ib. 


Then let 2. = 4,000,000 
BE, = 30,000,000 
n = 7.5 
c = 0.000001 
then 


a 1 _ 41) = 0,00000692 
1000000 \.0.0375 


_ 
From Eq. (3) f 50500 


203 Ib. per sq. in 
240 (1 + 0.0375) 


comm 
From Eq. (4) as 


175 Ib. per sq. in 
0.1446 
e 
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> 
l= — u , he 1530 Ib. per sq. in. 
4, + — 
n 
From Eq. (7) 
f', = £a(1 ree. ¥ = 5500 lb. per sq. in. 
pn e°/b 


The total steel stress is then 1530 plus 5500 equals 7030 Ib. per sq. in. 
an increase of 5500 lb. per sq. in. compression due to plastic flow while 
the concrete stress was reduced from 203 to 175 lb. per sq. in. If the 
steel stress had been computed from a reduced value of modulus of 
1 

elasticity equal to rey the result would have been 6650 lb. per sq. 
in., an error of about 5 per cent. The rib-shortening strain can be 
computed from the steel stress and will be 


7030 ad ‘ 
30,000, L = 0.000234 L 
For a plain concrete rib this would be 
Pp 50500 , 
-— L = — 0.00000125 L = 0.000263 L 
* (e + c) 240 x BL 


This shows the effect of reinforcing steel in reducing the plastic flow 
in concrete. The formulas were found by Glanville to be in reasonably 
close agreement with measurements made on reinforced concrete 
columns. The effect of shrinkage of the concrete has not been con- 
sidered, and will be discussed separately. 

Having considered the effect of plastic flow on strain produced by 
a sustained load of constant magnitude, its effect on stress produced 
by a sustained strain may be studied. This will determine the stresses, 
which result in an arch rib from bending due to rib-shortening or 
abutment displacements, ete. 

Plastic flow is not necessarily accompanied by a change in length. 
It may, instead, result in a change from elastic strain to plastie strain 
without a change in the total. This is evidenced by the falling off 
of the load on a concrete test specimen when the testing machine is 
stopped to permit extensometer measurements. If the total strain 
remains constant for several years, the elastic strain and consequently 
the stress will fall to a small percentage of its initial value in the case 
of concrete loaded at a comparatively early age. The amount of this 
residual stress will actually be greatly effected by shrinkage, but the 
effect of shrinkage will be considered separately. Consider for example 
the case of a block of concrete with a modulus of elasticity of 4,000,000 





ore = : = 0.00000025 and a total plastic flow of c = 0.000001 


4¢ 


under load applied at the age of one month. 
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If this block is loaded with 1 lb. per sq. in. at one month, the initial 
elastic strain will be 0.00000025 L (L being its length). If this load is 
sustained for five years, the plastic strain will be 0.000001 LZ and the 
total strain will be 0.00000125 L (See Fig. 6a). 


Assume now that this total strain be produced initially at the age of 
one month and sustained for five years (Fig. 6b). The initial strain 
would be elastic and the initial stress would be pn a or 5 lb. per 

0.00000025 
sq. inch. The block is therefore under a much higher stress and the 
rate of plastic flow will be correspondingly greater than in the first 
case. The result is that the ultimate plastic strain will be a greater 
proportion of the total and the final stress will drop to less than 1 |b. 
per sq. in. 
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lic. 6A—CONSTANT STRESS F1G. 68-——CONSTANT STRAIN 


This relation can be expressed mathematically and a formula for the 
residual stress can be derived in terms of ‘the initial stress and the 
plastic and elastic strain factors. Using the same notation as before, 


‘ , ; ; : «4 
since the total strain remains constant, the change in elastic strain? 


is equal and opposite to the change in plastie strain f.de, or 


df. 

Be 7 Ide 
then 

Me E. de 

Je 
after integration, since when c = 0, f. = fo, 

fo fo 
fe = - ic eae peg EWE LEX TERT COE EE ee eee (8) 
e'cC (2.71828) £cc 


which states that the final stress in the concrete is equal to the initial 
stress divided by e*°°. Since the total strain remains constant, the 
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stress in the steel will remain constant provided the initial stress is 
not great enough to cause plastic flow in the steel. It appears that 
there is practically no plastic flow in steel until the elastic limit is 
reached. 


The curve of residual stress in Fig. 7 has been plotted from Eq. (8) 
using the plastic flow factors presented in Fig. 5 for plain concrete. 
The presence of reinforcement does not affect the stress in the con- 
crete although it does affect the total load. The load taken by the 
steel remains constant and there will therefore be less proportional 
reduction in the total load on a reinforced member than a plain con- 
crete one. 
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Fig. 7—PERCENTAGE OF RESIDUAL STRESS IN 1:2:4 CONCRETE UNDER 
SUSTAINED STRAIN INDUCED AT DIFFERENT AGES (FROM EQUATION 8) 


The results given by Eq. (8) are quite startling and yet appear 
entirely logical. Assuming the plastic flow to be as represented by 
Fig. 5, which is within the range of results of laboratory investigations 
and assuming EF, to be 4,000,000 lb. per sq. in., the residual stress at 
the age of five years resulting from a strain produced at an age of one 
month is only 2.24 per cent of the initial stress. The error introduced 
by assuming too high a value of E at one month appears to be largely 
compensated and this result indicates at least the order of magnitude of 
the residual stress. When the strain occurs at an age of 3 months, the 
residual stress is 7.1 per cent. There is of course no corresponding 
reduction in the steel stress. 

This relation is of great importance in connection with concrete 
arches. It means the stress produced in the concrete by a bending 
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strain at an early age is ultimately largely eliminated by plastic flow. 
It therefore follows that the Freyssinet method of compensating 
stress due to rib-shortening, shrinkage, ete. by introducing a strain 
during construction is ineffective and unnecessary. While the flow 
over a period of 5 years has been considered, the greatest part of this 
flow takes place at a comparatively early age and the larger part of 
the stress reduction is effected before the bridge is put in service. 


A very rough check on this theory of stress reduction is given by 
observations reported by Wilson (36). Arch 26-11 was loaded on June 
12 at an age of 30 days. The load was kept constant by adjusting the 
machine until August 2. (81-day age). No adjustment was made 
until August 18, when the load had decreased about 5 per cent while 
the strain was held constant. After adjustment on August 18, no 
adjustment was made until September 2, when the load had fallen 
off another 5 per cent. 


According to Fig. 4 the flow factor, c, from ages 81 to 112 days for 
concrete loaded at 30 days equals 0.00000008. The modulus of elasticity 
was 2,500,000. 

Then Ec = 0.20 
From Eq. (g) £ a ee ee 0.818 

fo eke 1.221 
which indicates a stress reduction of 18.2 per cent in the concrete but 
none in the steel. With n = 12, the moment of inertia of the steel 
reinforcement averaged about 30 per cent of the total so the reduction 
affected only 70 per cent of the total. The reduction in load, which 
might be expected would then be 


.70 X 18.2 per cent = 12.7 per cent release 


This is slightly more than the 10 per cent measured release, but since 
there was considerable spiral reinforcement and temperature and hu- 
midity were not controlled a closer agreement could not be expected. 


It can also be demonstrated that if two blocks of concrete, one slightly 
longer than the other, are compressed to the same length and main- 
tained under load so that the length of one block is always the same 
as the other, the plastic flow will proceed more rapidly in the longer 
block, transferring the load gradually from one to the other, tending 
to equalize the stresses. 


This indicates another valuable property of concrete which appears 
to make it advisable to place it under dead load at as early an age as 
possible. The plastic flow causes an adjustment of stress, which 
reduces the maximum making the structure stronger under live load. 
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stiffness of the material itself, accounting no doubt for some of the 

increase which has been noted in the strength of concrete subjected to 

sustained load. In the case of arch ribs constructed in laminations 

in order to relieve the load on the falsework, the flow will tend to 

| equalize the dead load stresses in the laminations and make unnecessary 

! such corrections as Freyssinet has attempted. 

| The rib-shortening due to plastic flow is progressive and its effect 

| must be computed by integration. The older the concrete, the greater 

| the percentage of residual stress due to any given bending strain intro- 

) duced at this time. It is therefore necessary to compute for each incre- 

| ment of time the amount of plastic rib-shortening and multiply it by 

; the percentage of residual stress corresponding to that particular age. 

The summation of these products gives the total effective strain | 
causing bending stress. In that way an effective residual stress coeffi- 
cient may be computed for the entire period. Such a computation 
has been made by multiplying the strain increments of the curve of 
Fig. 4 by the corresponding residual stress coefficient of Fig. 7 with 
the following results for a plain concrete arch. 


The flow in the material also tends to compensate irregularities in the 


TABLE r 











Plain Concrete Arch Rib q oade ~dat Age 
Assumed elastic strain Ban ees ; ; 
Assumed total plastic straine............. 


Assumed total strain ¢ plus c. 
Calculated effective strain causing bending | 
a REL tbls 566% oaives sib p@ieee sme) Ces 


1 Month 


0. 000000275 
0. 000001000 


0.000001275 
0. ouseererrs 
134 


3 Months 


0, 00000027 
0, 00000066 


0. 00000093 
0. 0000002279 


12 Months 


0. 00000025 
0. 00000029 


0. 00000054 


0. 0000002414 








oe ee ee” eee 24.5 44.7 
Effective Ee = E’c.............5:: 69: 2.000 980,000 1,786,000 
Effective n..... ye pe ae ee 43.4 30.6 16.8 





The calculation shows, for a rib loaded at 1 month, that the total 
strain will be 0.000001275 and that only 17.3 per cent of this strain or 
0.0000002204 is effective in producing stress. The resulting concrete 
stress can then be calculated as follows from the standard formula 
(See (39), p. 946). 


, 
H = —— ie ee (approx) ... .. (9) 


| ydw + fr cos edz f vaew 
L t EA L 


The value of A’x should be computed from the value of total strain 
e plus c, in the case of a plain concrete arch or from the calculated steel 
strain in the case of a reinforced arch. The value of the denominator 
f y’dw should be calculated with the value of effective FL. in Table 2 


which is the actual Z, for instantaneous load multiplied by the ratio of 
effective strain to total strain. 
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In the case of the arch for which the direct stresses and rib-shorten- 
ing strain were previously computed, the bending stresses would be 
determined as follows: 


This is an arch of 120-ft. span and 17-ft. rise with 2’, = 17.3 per cent of 4,000,000 


692,000 and n 13.4. Also | ydw = 0.000329. The value of A’r is, using the 


rib-shortening strain already computed, multiplied by the span, 
1440 0.000232 
1.13 

The value 1.13 is a factor determined by the shape of the rib. (39, p. 1009 

The rib-shortening thrust is then 

Hes 0.296 | 
0.000829 

The moment at the crown is 

Mrs = 900 X 47 42,300 in. Ib. 

Considering the concrete as taking tension, the corresponding stresses are: 


A's 0.296 in. 


900 Ib. 


ane ee 10.6 and — 34.4 lb. per sq. in. 
240 X 1.214 11260 
Pe (43.4 & 3.1) * (37.5 K 43.4 & 0.8) = + 1435 and — 1165 lb. per sq. in. 


Corresponding values of rib-shortening stresses have been calculated 
for loading at three months and one year with the results as given in 
Table 3. 

TABLE 3 


Stresses in Crown of Arch Due to Dead Load and Dead Load Rib-Shortening Including Effects 
of Plastic Flow 


Elastic Arch 


Age at Loading 1 Month 3 Months 12 Months n 7.5 
Eextrados Concrete Direct 175.0 183.5 193.5 203.0 
Rib-Shortening 34.4 36.4 | $1.1 45.0 
Total 209.4 219.9 } 234.6 248.0 
| 

Intrados Concrete Direct 175.0 183.5 193.5 203 .0 
Kib-Shortening +40.6 + 42.6 +47 .9 +52.0 
Total 134.4 140.9 | 145.6 151.0 
Eextrados Steel Direct 7030.0 5170.0 3220.0 1530.0 
Rib-Shortening 1165.0 872.0 541.0 } 264.0 

| ee 
Total 8195.0 6042.0 3761.0 1704.0 
Intrados Steel Direct 7030.0 5170.0 3220.0 1530.0 
Rib-Shortening +1435.0 + 1052.0 +655.0 +316.0 
Total 5505.0 4108.0 2565.0 1214.0 


In the last column are given the corresponding stress values caleu- 
lated as for a fully elastic rib by the ordinary method with n = 7.5. 
It will be noted that early decentering has the effect of reducing con- 
crete stresses and increasing steel stresses due to dead load rib-short- 
ening. Both steel and conerete stresses approach the theoretical 
stresses in an elastic rib as the age at de-centering increases. 
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The conclusion may be drawn that plastic flow does not have any 
material effect on the bending stresses in a plain concrete arch due to 
dead load rib-shortening, neither greatly increasing nor decreas- 
ing them. On account of greater plasticity when loaded at an early 
age, the earlier the time of decentering of a reinforced arch, the higher 
the steel stresses and the lower the direct stress on the concrete. This 
appears to be an argument in favor of early decentering except per- 
haps in the case of an extremely flat arch which might sag excessively. 

There is also a definite advantage in early decentering in case there 
is a movement of the abutments or piers because the earlier such a 
strain in the arch rib is produced the better the arch will adjust itself 
and the lower will be the resulting residual stress in the concrete. 


4. EFFECT OF SHRINKAGE 


The shrinkage of concrete is a very complex action and is effected 
by many factors, such as temperature, moisture conditions, amount of 
reinforcement, and size and shape of mass as well as by the character- 
istics of the concrete itself. Davis has prepared a summary of results 
of investigations of shrinkage (11) and Glanville has since published 
the results of a very thorough research (5). 


Concrete exposed to the atmosphere continues to shrink for a long 
time, rapidly at first and at a decreasing rate until after several years 
it practically ceases. Laboratory investigations indicate that the 
curve of shrinkage strain plotted against time is similar in form to 
that of plastic flow. Since in observations made on actual bridges it is 
impossible to differentiate between shrinkage and plasticity, it will 
be assumed in this study that the two curves for plain concrete are 
similar and have proportional ordinates throughout. The curve for 
one month loading in Fig. 4 will be used and it will be assumed that the 
concrete is kept wet 30 days, preventing shrinkage during the first 
month after pouring. The shrinkage during the first month is probably 
not very important in any case because of the plasticity of the con- 
crete and the restraining effect of the forms and the steel. 

The amount of shrinkage is greatly affected by temperature and 
humidity of storage. In saturated air or in water, there is a slight 
increase in length, which continues over a long period. The lower the 
humidity of the air, the greater the shrinkage of exposed concrete. 
It is apparent that large masses do not shrink as rapidly or as much as 
small masses exposed to the drying effects of the air. It is also apparent 
that the concrete near the outside of large masses will shrink more 
than the interior setting up unequal stresses, which are at least to 
some degree released through plastic flow. If the shrinkage is too 








, 
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rapid, cracks may form due to the restraining effect of reinforcing steel 
or a damp core of concrete. 

Davis has measured the shrinkage of laboratory specimens of con- 
crete stored for about 850 days under various controlled humidity 
conditions. These were 4 x 14 in. cylinders of 1 part cement to 5.67 
parts gravel, water-cement ratio of 0.89, stored in fog for 28 days and 
then as noted below. The total shrinkage was: 








Storage Condition Total Change in Length 
50 Per Cent Relative Humidity 0.000907 shrinkage 
70 Per comt.......... 9 000706 shrinkage 
100 Per Cent , .§.U00176 expansion 
Water... ie re 0.000142 expansion 


Glanville found the effective shrinkage of 1:2:4 concrete specimens 
stored in the air of the laboratory to be 0.000370 at the end of 18 
months. 


Withey reports as follows: (23) ‘‘Curing the concrete out of doors 
caused in most cases small linear contractions which for 1:2:4 mixes 
were usually less than 0.01 per cent at the time measurements were 
made. Specimens cured in the dry air of the laboratory contracted 
three to six times as much as similar specimens cured out of doors and 
after five years of indoor curing exhibited contractions of 0.04 to 0.05 
per cent.”’ 


These specimens cured out of doors were placed on the ground and 
may have had less opportunity to dry out than the concrete in a large 
arch. It appears from the foregoing that it would be safe to assume 
that the shrinkage of the concrete in an arch in the humid climate of 
northern United States will not ordinarily exceed 0.0003 at the end 
of five years. In a very dry climate the shrinkage might be higher. 

This value for the shrinkage of plain concrete of 0.0003 is probably 
a conservative value for most cases and may be used for determining 
the probable maximum stresses. The value of the plastic strain factor 
recommended is c = 0.000001 and if the average dead load stress were 
300 lb. per sq. in., the dead load plastic flow in a plain concrete arch 
would be 0.0003. The total strain due to shrinkage and plasticity 
would then be 0.0006 for a plain concrete arch and somewhat less for a 
reinforced arch which compares with a total value of 0.0004 to 0.0006 
recommended by Freyssinet. This indicates that these shrinkage and 
flow factors are entirely reasonable, and it is apparent that a more 
accurate determination can be effected only through thorough investi- 
gation of actual arches. 

A theoretical analysis of the effect of shrinkage on concrete and 
symmetrically placed steel reinforcement is given by Glanville (5) 
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i 

; as follows. Assuming no slip between the steel and concrete, and that 
He there is no plastic flow in the concrete, 
tif o= P(S+35) 
: A,E, AE. 


in which s = shrinkage factor for plain concrete 
P = shrinkage load in steel 


1 1 
8 =jJel| —> ee ee Ee Gs Bak es bate PRPCPST ACER: 
or Fi - 4 = | 


Considering the flow in the concrete, with As and Ac the increment of 
shrinkage and flow respectively during an increment of the time Af, 


s — fAc E. + E. if. 7B. + FREE ie tains HEV owiir os 


The solution of this equation requires an integration involving the 
shrinkage-time curve and the plasticity-time curve. Glanville has 
made such calculations and recommends as being reasonably accurate 
the use of a modified value of the modulus of elasticity of the concrete 
which will make an allowance for the plastic flow. He suggests the 
following formula derived from Eq. (10). 





in which e, is the steel strain due to shrinkage and FE’. is the effective 


ne E, 
modulus of elasticity of the concrete. He states that the value of —* 


4 


is generally about 15 and will usually lie between 10 and 20. 


The shortening of reinforced concrete due to shrinkage is the same 


7 


as the steel strain by Eq. (12) and for one per cent of steel and = 15. 


s 
, =—_ = 087s 
e aT 0.87s 
One per cent of reinforcement would then reduce the shrinkage by 
13 per cent. 


The bending stresses in an arch rib produced by shrinkage are greatly 
influenced by plastic flow. The shrinkage produces a bending strain 
in the same manner as it is produced by a movement of the abutments, 
but this shrinkage strain must be considered as being produced in 
increments at different times and these increments result in increas- 
ingly larger percentages of residual stress as the concrete ages. By 
dividing the shrinkage-time curve into small parts and multiplying 
each increment in shrinkage by the corresponding residual stress 
i coefficient from Fig. 7 and adding together these products, a value of 
the shrinkage which is actually producing stress will be obtained. 
Such an integration made by the writer with the total value of s = 











ow 
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0.0003 gives an effective shrinkage of 0.00006405 producing residual 
bending stress in the concrete of the rib. This is about 21 per cent of 
the total. 

In other words, in a plain concrete arch, plastic flow reduces the 
stress produced by shrinkage by almost 80 per cent. This percentage is 
of course only approximate and depends on the relative values of 
shrinkage and flow but 75 to 80 per cent may be a fair estimate of its 
value. This would mean that in a plain concrete arch, if the coefficient 
of thermal expansion of the concrete were 0.0000055, the effect of 
shrinkage would be equivalent to about 12° F. change in tempera- 
ture. Some European specifications require the effect of shrinkage to 
be computed as equivalent to a drop in temperature of 18 to 27° 
F. This appears to be unnecessarily high and for reinforced arches 
it is obviously very inaccurate in regard to both concrete and steel 
stresses. 

The direct shrinkage stresses produced in the steel must first be 
computed from Eq. (12). The steel stress due to bending can then be 
computed with A’r, the theoretical change in span length, equal to 
Les. 

Both the concrete and steel stresses due to shrinkage bending could 
be computed with A’r = Le, and a reduced modulus of elasticity for 
the concrete. In this case it would be 

4,000,000 21.35 per cent = 854,000 or n = 35 
The reactions due to shrinkage can be computed on the same basis. 

It is evident that very high stresses will be produced in the steel 
reinforcement as has been found to be the case in reinforced concrete 
columns under sustained load. With e, = 0.87s as computed above, 
and s = 0.0003. 

é, = 0.87 X 0.0003 = 0.000261 
and the direct stress due to shrinkage would be 

E,e, = 0.000261 30,000,000 = 7830 lb. per sq. in. 

Direct shrinkage stresses in the steel greater than this were found in 
concrete columns at the end of five months storage in the air of the 
laboratory. * 


In addition there will be a considerable stress due to bending. Con- 
sider for example the arch for which the crown stresses due to plastic 
flow were computed. By Eq. (12) with s = 0.0003 and p = .005, 
the arch thrust due to shrinkage can be computed from Eq. (9). The 
value of A’x will be 

A’r = Le, = 1440 X 0.000279 = 0.402 in. 


*Second Progress Report on Column Tests made at Lehigh University by W. A, Slater and Inge 
Lyse, JOURN a A. © I P March 1931, Proceedings, Vol. 27, p 812 














502 JOURNAL OF THE AMERICAN CONCRETE INsTITUTE— Proceedings 


It was found that 21.35 per cent of the shrinkage strain was effective 


in producing stress so fyraw will be computed with an effective value 


of EF, equal to 21.35 per cent of 4,000,000 or 854,000 Ib. per sq. in. 
Then n = 35.2 


f * dw = 0.000282 
L 


The shrinkage thrust is then 





0.402 - 
H, = — ——— = — 1427 bb. 
0.000282 saadia 
M, = — 1427 X — 47 = 67,100 in. lb. 
The stresses due to bending are: 
l= 340 Le ote ori 10 _ + 68 and -—— 58 lb. per sq. in. 


f, = (5.1 X 35.2) = (62.9 & 35.2 xX 0.8) = + 1950 and — 1590 lb. per sq. in. 
The direct stresses due to shrinkage are 


f. = e, E, = —0.000279 X 30,000,000 = — 8370 lb. per sq. in. 
fe = pf. = + 41.8 lbs. per sq. in. (Tension) 


The total shrinkage stresses at the crown are shown in Table 4. 











TABLE 4 

| Concrete Steel 

Extrados...... “ee ieee +42 | —8370 
Shrinkage Rib-Shortening. . . —58 —1590 

ee od ec 16 —9960 

RE a rer —- +42 —8370 
Shrinkage Rib-Shortening. e oil +68 +1950 

NN SEE aS eee on +110 —6420 








It is evident that shrinkage of the concrete produces very high 
stresses in the steel but that the effect on the concrete stresses is 
not as serious as the amount of deformation would indicate. 

There is only a small compression in the concrete at the extrados 
and the tensile stress in the conerete is more than balanced by the 
dead load stress. 

5. EFFECT OF TEMPERATURE VARIATION 

Variation of temperature of an arch rib causes an expansion or 
contraction of the rib, which if the ends are fixed is equivalent to a 
shortening or lengthening of the distance between abutments with a 
consequent bending of the rib. Many investigations of the effect of 
temperature variations prove the problem to be fully as complicated 
as that of plasticity and shrinkage and indicate that no more precise 
solution than the establishment of rational limits is possible. The 
following major factors are involved. 














———E—E————— 


Plain and Reinforced Concrete Arches 503 


. Thermal coefficient of the material. 
b. Temperature range in the arch. 
c. Effect of moisture content variation 
d. Effect of plastic flow and modulus of elasticity. 
e. Effect of setting temperature. 


The thermal coefficient of concrete has been generally assumed as 
0.0000055 per degree F., but extensive tests show values varying 
from about 0.000004 to 0.000007. The results of tests of different 
investigators are not entirely consistent (9) (10) (14). 


Tests of arches have indicated the following coefficients. The 
granite masonry of the Pont de Morbengo (61) showed a coefficient of 
0.000004. The crown movement of the Walnut Lane Bridge (43) 
corresponded to a coefficient of 0.0000062 based on temperature 
measured at a. thick section where the range was less than average. 
This value is therefore greater than the actual. 


The crown movements of the Yadkin River bridge (32) corresponded 
to a coefficient of 0.0000055. The concrete was made of crushed 
gravel. 


Measurements on the Danville bridge gave a coefficient of 0.0000049 
including the effect of moisture changes (28). 


Temperature Range in the Arch 

A number of elaborate investigations have been made of the tem- 
perature range in the concrete of arches from which general conclusion 
may be drawn. The most thorough of these is probably the investiga- 
tion made by Dr. Schurch on the electric railway bridge near Langwies 
from October, 1913, to November, 1914, during which time over 
36,000 observations of concrete temperature were made. 


The greatest variation in concrete temperature, which is of greatest 
interest to the designing engineer, was measured at thirty points for 
a period of over a year and the extreme temperatures recorded with 
the extreme air temperatures. The greatest variation in air tempera- 
ture was 41°C. The daily mean of the air temperatures varied only 
30.5°C. The range in concrete temperature varies with the location 
of the points and is 24.8 to 32.5° C. or 60.5 to 79.3 per cent of the range 
in air temperature. 


The average of all values shows that the range of the mean concrete 
temperature is 66.6 per cent of the range of air temperature. Since 
the range in air temperature during the observations was 41° C. and 
over a longer period of several years might amount to 45 to 50° C., 
the temperature range in the concrete might reach 30° C. The thick- 


ness of the rib was 1.40 m. at the springing and 1.0 m. at the crown. 
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The ribs are exposed. In the case of thinner arches the temperature 
range might therefore be greater than 30° C. if exposed. 

Nichols and McCullough (41) reported that the temperature range 
in a typical concrete highway arch, a filled arch with a 9 in. thickness 
at the crown, was about 80° F. at Ames and Des Moines, lowa. They 
noted a lag of from less than one day to about four days depending 
upon the position and exposure. 

The tests on the Danville bridge reported by Wilson (28) gave a 
measured range in average temperature of the ribs of 83° and the actual 
maximum range during the period was estimated to be about 90° F. 
The extreme variation in mean daily temperature was 97°. 

It appears best to estimate the variation in temperature in the con- 
crete at any particular depth in the mass as a percentage of the 
maximum range in extreme air temperatures. In Fig. 9 have been 
plotted such percentages for different depths computed from the reports 
of a number of investigations. The percentage is seen to decrease 
as the depth increases, as would be expected. The percentage of 
extreme air temperature variation recorded by the Weather Bureau 
which should be used in design will be discussed later. 


Effect of Seasonal Variation in Moisture 


It has been suggested that the moisture content of the concrete is 
probably higher in winter than in the summer when the temperature 
is higher and the average humidity may be lower. This condition 
would tend to compensate to some extent the effect of temperature 
variation and be equivalent to a reduction in the coefficient of expan- 
sion or the temperature range. It should be noted, however, that in 
some localities, generally along the sea coast the relative humidity of 
the air is higher in the summer than in the winter. and this would tend 
to reduce summer evaporation. Also it is a question whether or not 
the average moisture content would change much in a massive rib 
below a roadway deck. Thin arches exposed to the sun would be 
affected to a greater extent. 


The measured crown movements in the Danville Bridge from sum- 
mer to winter were about 10 per cent less than the theoretical move- 
ment computed from the temperature variation and coefficient of 
expansion. This may have been due to a reduction of expansion and 
contraction due to moisture changes or it may have been from some 
other cause, such as restraint from superstructure or inaccuracy in 
determining the average temperature and the coefficient. 

At Conneaut, observations were made for a year on concrete blocks 
of the same cross section as the arch exposed to the weather and the 
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coefficient of expansion was observed to be 0.0000037 per degree F., 
which indicates some compensation from moisture. 


Freyssinet reports observations on small beams (2 x 4 x 84 in.) at 
Brest (24), which showed that when exposed to the weather the 
coefficient of expansion of the concrete due to combined temperature 
and moisture changes was only about one third of the coefficient for 
steel. These observations were made on very small specimens, which 
would be easily affected by moisture, even by hourly changes in 
humidity, and they were made in a very humid climate. They indicate 
a coefficient of about 0.0000022 as a limiting value, but it should also 
be noted that the small size of the specimens and their exposure to 
the sun would cause the range between extreme temperatures to be 
unusually high, offsetting at least in part the low coefficient. 


The tests indicate that the variation in moisture content may com- 
pensate the effect of temperature to some extent. They also indicate 
that in the case of large arches this compensation will not be very 
great and that there may be no compensation in some climates. 

Effect of Plastic Flow and Modulus of Elasticity 

It is evident from the previous discussion of the effect of plastic 
flow, that it will have a great influence on the stresses due to tempera- 
ture changes. It has been suggested by various engineers that the heat 
generated during the setting of the concrete and the consequent high 
initial temperature should be considered in the computation of tem- 
perature stresses. Temperature measurements on arches have proven 
that the setting heat in dissipated within 10 to 20 days after which the 
average temperature of the concrete arch follows more or less closely 
the mean air temperature (47) (29) (41). During this time the plas- 
ticity of the concrete is comparatively very high and the concrete is 
also restrained to a considerable extent by the steel and the forms. 
Fig. 7 shows that a strain introduced at this time has practically no 
effect on the residual stress in the arch, and the effect of such setting 
temperatures can be neglected. 

It also appears from an analysis of the effect of plastic flow, at least 
in the case of a plain concrete arch, that the mean yearly temperature 
can be considered the temperature of no stress, with as much assurance 


of accuracy as the assumption of higher or lower temperature would 
give. In other words it does not seem necessary to compute the tem- 
perature stresses for a greater drop in temperature than half of the 
yearly range even if the temperature of the arch when constructed is 
above the yearly mean. It is quite possible for the temperature of 
no stress to be somewhat below the mean depending on the climatic 
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conditions and rate of flow even when the temperature during con- 
struction is the maximum for the year. The strains in an arch due to 
temperature deformations are shown diagramatically in Figure 8. 


It will be assumed that the rib is poured during the summer at 
maximum temperature, and that the temperature deformation curve 
is represented by the heavy line in Fig. 8. The light line represents 
the plastic strain and the ordinate between the two curves is the elastic 
strain. Starting in the summer, the plastic strain increases until its 
curve intersects the total deformation curve sometime in the spring. 
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Fic. 8—STRAINS IN CONCRETE OF ARCH DUE TO SEASONAL TEMPERATURE 
CHANGES AND PLASTIC FLOW 


At that time the elastic strain is zero. The plastic strain therefore 
ceases to increase and starts to decrease as the elastic strain reverses. 
A similar reversal occurs each fall and spring succeeding, and the 
curve of plastic strain draws nearer to the mean temperature deforma- 
tion curve represented by the straight broken line. The elastie strain 
to which the elastic stress is proportional is measured not from the mean 
temperature line but from the plastic strain line which, after a number 
of years will not depart far from the mean temperature line no matter 
at what time of year the arch is poured. 


Using the ideal temperature variation curve as shown in Fig. 8 the 
writer has made a computation of the residual stress at the end of 
five years by dividing the temperature curve into small parts and multi- 
plying each increment in the ordinate by the residual stress coefficient 
for the corresponding age of concrete. It was found that the resulting 
stresses were practically the same whether the initial temperature was 
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assumed at the maximum or at the mean, and that the mean tempera- 
ture could be considered the temperature of no stress without material 
error. It is obvious that if the arch is poured at a high temperature, 
the plastic deformation due to each seasonal drop in temperature is 
greater than that due to the succeeding rise in temperature because 
the plasticity of the concrete is gradually decreasing. This results in 
an excess permanent set due to drop in temperature, reducing the no- 
stress condition practically to that of mean temperature. 

This same reasoning does not apply to the reinforcing steel because 
all steel strains are elastic unless the elastic limit is passed. It is not 
possible to estimate the initial stresses in the steel accurately. Assum- 
ing no subsequent slip in the steel, it will be placed under stress as 
soon as the temperature drops below that of the hardening of the 
concrete, due to the difference in coefficients in expansion of the con- 
crete and steel. The direct stress in the steel will be: 

iw ies Secggek Lee ae eee IF enor 

' 1 + pn 
Assume in this formula, «, the coefficient of expansion for steel equal 
to 0.0000065 and « ., that for concrete, 0.0000050. 

If p = 0.01, n = 7.5, E, = 30,000,000 and ¢ = 80°F, 

— 80_X_ 30,000,000 x _0.0000015 


f= a 


1.075 

= 3,350 lbs. per sq. in. tension. 

This would be reduced somewhat by plastic flow in the concrete. 
This stress if it exists will compensate some of the compression due to 
shrinkage. 

There will also be some stress in the steel due to bending when the 
rib is at mean temperature with no temperature bending stress in the 
concrete. This could probably be taken care of by adding 50 per cent 
to the steel stress due to bending caused by a drop in temperature 
below the mean and by making a corresponding reduction for a rise in 
temperature. 

The nature of the strain produced by seasonal temperature varia- 
tions has been discussed by others and it has been suggested that plastic 
flow greatly reduces the stress in the concrete because of the slowness 
of the deformation. This argument can apply to only a portion of the 
deformation because it frequently happens that about half of the total 
temperature change occurs within a comparatively few days. See 
Fig. 1. 

Also it must be recognized that while flow undoubtedly produces a 
very material reduction in temperature stresses during the early life 
of an arch, as the years go by the concrete becomes more nearly 
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elastic, especially within the range of working stress. It has also been 
found that concrete becomes more nearly elastic under the action of 
repeated loads. 


It does not appear therefore that any very great reduction in tem- 
perature stresses can safely be expected because of the slowness of the 
deformation, although there is undoubtedly some such effect to a slight 
degree. The nature of the stress does make it seem reasonable to 
permit a comparatively high maximum working stress provided such 
stress is not high enough to cause cracking. 
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Fic. 9—TEMPERATURE RANGE IN CONCRETE AT DIFFERENT DEPTHS IN 
PER CENT OF RANGE BETWEEN EXTREME AIR TEMPERATURES 


The modulus of elasticity of concrete is much higher than the con- 
ventional 2,000,000 Ib. per sq. in. and the temperature stresses should 
be figured with the actual value which is usually nearer 4,000,000 lb. 
per sq. in. This will show higher temperature stresses than usually 
computed, but the allowable stress may perhaps also be increased. 
This will result in an important improvement in arch design in that the 
abutments will have to be designed for greater temperature thrusts. 
The observed movements of abutments and piers under seasonal varia- 
tions indicate that to be a step in the right direction. It is also known 
that superstructures have the effect of stiffening arches and increasing 
the temperature thrusts. 
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Recommended Temperature Range 


The observed temperature ranges plotted in Fig. 9 show that a 
range of about 75 per cent of that of extreme air temperatures can be 
expected in an arch rib with an average thickness of 2 ft. The writer 
suggests that as a practical figure for use in design this be reduced 20 
per cent to allow for moisture compensation, stress reduction due to 
flow, and for the fact that the extreme maximum and minimum tem- 
peratures are not likely to occur in the same year. This would make the 
theoretical temperature range equal to 60 per cent of the difference 
between maximum air temperatures for any locality. The percentage 
may be reduced for thicker masses of concrete following the line of 
Fig. 9. The percentage may also be reduced for unusually sheltered 
rib or increased for very exposed ribs. 


TABLE 5 

















Mean Relative ; Temperature 
| Annual Humidity } Degrees Fahrenheit 
Rainfall Per Cent | 
City iia ie ee ~ ~~ & 
‘sg a - a 
La Mean| %§ $2 s& | 5&8 pits 
ches | | July |Annuali Sé CI cee 
Inches | Jan. y | as a5 aE |S 2582 
y 
1 Birmingham, Ala..... | 52.84 | 73 77 | #71 104 | 63.4 | —10 114 69 
2 Bismarck, N. D...... 17.10 | 76 66 | 71 107 | 40.2 —45 152 91 
3 Buffalo, N. Y........ | 36.65 | 80 724-3 iY 95 | 46.9 —14 109 66 
4 Burlington, Vt....... || 62.40.) 98 68 | 71 | 100 | 45.0 | —28 128 77 
SS Se | 32.99 | 79 69 73 | 103 | 49.0 ~—23 126 76 
6 Columbus, Ohio..... . 36.52 | 79 68 72 | 104 52.2 -20 124 75 
7 Dallas, Texas........ | 37.97 | 71 61 | 67 | 115 65.0 | —10 125 75 
8 Denver, Col..........]| 14.25 56 50 | 52 | 105 | 50.0 29 134 81 
9 Des Moines, Iowa....| 32.11 79 66 71 110 49.4 | —30 140 M 
10 Detroit, Mich........ 32.05 | &3 68 | 75 | 104 48.3 2 128 77 
11 Duluth, Minn........| 28.93 | 83 | 73 77 | +99 | 38.9 | —41 140 84 
12 Eastport, Maine.....| 41.02 | 76 83 79 | 93 41.5 | —23 116 70 
13 El Paso, Texas....... | 9.14 | 48 45 7 | 105 | 63.5 | —5 110 66 
14 Helena, Mont........ | 13.39 | 69 47 | 59 | 103 | 43.5 42 145 87 
15 Jacksonville, Fla...... 50.82 | 81 so | 79 | 104 | 69.3 10 94 57 
16 Kansas City, Mo.....| 36.84 | 74 | 66 | 69 | 108 | 53.2 | —22 | 130 | 78 
17 Los Angeles, Calif.. . 15.62 | 65 75 | 70 | 109 | 62.3 28 81 49 
18 Marquette, Mich.....| 32.48 | 80 71 | 75 | 108 41.2 | —27 135 81 
19 Miami, Fla..........| 59.94 | 79 75 76 | 96 a) 4 69 42 
20 Milwaukee, Wis..... 30.97 80 71 75 | 102 45.8 —25 127 76 
21 Minneapolis, Minn....| 29.04 79 67 71 102 44.5 33 135 81 
22 Nashville, Tenn......| 47.93 75 7 71 | 104 59.3 13 117 70 
23 New Orleans, La... .. | 56.60 | 79 78 78 102 69.2 | 7 95 57 
24 New York, N. Y.....| 42.16 72 72 71 | 102 52.1 | —13 115 69 
25 Oklahoma City, Okla. | 31.03 73 70 70 108 59.4 | —17 125 75 
26 Omaha, Neb......... |} 29.88 | 76 65 69 110 50.5 | —32 142 85 
27 Philadelphia, Penn....| 41.43 | 73 69 | 70 | 106 M1 | —6 112 67 
28 Salt Lake City, Utah.| 16.23 | 72 36 52 102 51.6 | —20 122 73 
29 San Antonio, Texas...| 27.70 | 67 67 67 | 107 68.9 4 103 62 
30 San Diego, Calif.....) 9.63 } 71 81 75 | 110 61.3 | 25 85 51 
31 San Francisco, Calif...) 22.56 | 79 84 | 78 | 101 | 56.1 | 29 7 43 
32 Seattle, Wash....... | 33.91 85 70 | 77 96 51.3 | 3 93 56 
33 Tucson, Ariz....... | 2.73 i & 45 44 | 112 65.6 | 6 106 64 
34 Washington, D. C. 40.53 | 71 75 72 106 54.9 15 121 73 
35 Wilmington, Del. 48.79 | 76 82 78 | 103 63.1 5 98 59 


| 
| 
| 
| 
| 
| 


A summary of temperature and humidity records of the Weather 
Bureau for various cities in the United States with the recommended. 








a 
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temperature range for each is given in Table 5. This range varies from 
42° F. at Miami to 91° at Bismark, N. D. 

It is recommended that the stresses in the concrete of arches be 
computed for a rise and fall equal to one half of the range, using the 
formula: (39, p. 947). 


i tal (14) 
2d * cos @ dx 
site i _ ua 2 EA 








Applying the foregoing principles to the computation of temperature 
stresses in the arch used in the previous sections, let, 


E. = 4,000,000 
co = 0.000005 
«, = 0.0000065 

t= pe (for Milwaukee) 

P = 

[= S800 


Using three quarters of the range in average concrete temperature to 
determine the direct steel stress, from Eq. (13). 
f, = 30,000,000 x 57_x 0.0000015 


| 
| 
: 27 ha 
= 2470 lb. per sq. in. (tension at minimum temperature) 
The corresponding concrete stress is 
| 
| 


f=— un = —- 12.35 lb. per sq. in. (compression). 
The direct stresses at maximum temperature will be one-third of 
these in amount and opposite in direction. The rib-shortening stresses 
due to a rise or fall of temperature of 38° F. will now be computed 
using Eq. (9). 
=t«.l = — 38 X 0.000005 < 1440 = 0.274 
f ydw = 0.0000755 





The arch thrust will then be 


H, = 0274 _ 3630 tbe 
| 0.0000755 
) M, = 3630 X 47 = 170,000 in. Ibs. 
| __ 3630 ss ,:170000 X 10 _ |, . —— | 
| ji. = 340 x 1.0325 8500 = + 215 and —185 lb. per sq. in. | 


Sf, = (14.6 X 7.5) = (200 X 7.5 X 0.8) = + 1309 and 1091 Ib. per sq. in. 
A summary of temperature stresses is given in Table 6. 


| 6. FREYSSINET METHOD OF STRESS COMPENSATION 


The method of compensating rib-shortening stresses developed in 
France by M. Freyssinet has been given considerable attention in 
| recent years. (50) (55) (54) (56) (57) (58) (51) (52) (62) (53) (59). 

So much has been written regarding it that it will not be explained in 





« 
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TABLE 6 


Min. Temp. | Max. Temp. 


Extrados Concrete ; Direct 12 +4 
Rib-Shortening | 185 4-185 
Total 197 | +189 

| | 
Intrados Concrete | Direct | 12 } +4 
Rib-Shortening +215 | 215 
Total +203 | 211 

| 
Extrados Steel Direct +2470 823 
Rib-Shortening 1091 +1091 
Total +1379 + 26S 
Intrados Steel Direct +2470 823 
Rib-Shortening +1309 1309 
Total +3779 2132 


detail here. Only a summary of its application to various bridges will 
be given. 

The method was developed and first tried by Freyssinet on a test 
arch of 50-meter span at Moulin in 1908. It consists briefly of spread- 
ing the crown of the arch by means of hydraulic jacks and introducing 
a slab of conerete which lengthens the arch rib. The strain thus intro- 
duced is designed to compensate the effect of strains which later 
develop from shrinkage and plastic flow. The jacking has usually been 
done when the centers were to be removed, with the result that the rib 
was raised up from the centers, simplifying their removal. 

Freyssinet’s greatest bridge and the bridge with the longest concrete 
arches yet built was completed in 1930. The three arches have spans 
of 590 ft. On account of flexibility of the falsework, it was not possible 
to decenter these arches by jacking. The jacking was done after the 
completion of all three spans when the oldest was about a year old. 
The correction averaged 4.4 em. or 0.000236 L. The arch rib was 
hollow and poured in separate rings, the mix of the lower one being 
2.00 and the balance of the rib 1.77 bbls. of cement per cu. yd. The 
value of E was taken as 4,100,000 Ib. per sq. in. 

It was during construction of this bridge that Freyssinet made experi- 
ments which showed him that a large part of the slow deformation of 
concrete under load is proportional to the stress and is therefore the 
result of plastic flow rather than shrinkage (24). 

The theory of stress compensation by the Freyssinet method recog- 
nizes the rib-shortening produced by shrinkage and plastic flow, but it 
does not recognize the fact that the stresses resulting from such rib 
shortening are also greatly affected by plastic flow. It is perfectly 
evident that with the plasticity of the concrete continuously decreasing, 
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the residual stresses produced by a strain jacked into a rib at an early 
age will be small compared to the residual stresses resulting from a 
strain of equal or greater size produced gradually over a long period 
when the concrete is more nearly elastic. 


Assuming that the rib is decentered and placed under dead load at 
the age of three months, according to Fig. 7, a strain produced by 
jacking and made permanent by introducing a slab at the crown will 
leave a residual stress corresponding to only about 7.1 per cent of the 
strain. On the other hand, the strain produced by dead load plastic 
0 .0000002077 


flow, for loading at three months, was found to be 
0. 00000066 


or about 30 per cent effective in producing stress. In other words, if 


at the age of three months a strain is introduced equal and opposite 
to the rib-shortening strain which will later develop due to plastic 
flow, the ultimate rib-shortening stresses in the concrete will be reduced 
only about one quarter. The same is true of shrinkage stresses to 
about the same degree if only the shrinkage after jacking is considered. 
The very high direct stresses in the steel due to shrinkage and plastic 
flow will not be relieved by jacking. 


It appears therefore that the effectiveness of the Freyssinet method 
is so small as to make its use questionable as a method of stress reduc- 
tion or stress compensation. It may have value purely as a method of 
decentering and of cambering a flat arch to prevent excessive sagging 
of the crown. Concrete, in its ability to deform plastically to a limited 
extent, itself possesses the qualities which would have made Freyssi- 
net’s arches practically if not fully as successful without jacking as far 
as Maximum concrete stresses are concerned. The stresses which were 
corrected appear to a large degree to have existed only in theory. 
The effect on the steel reinforcement is more complicated. The jacking 
would not materially change the direct stresses in the steel due to 
shrinkage, etc. The steel stresses due to a change in the geometrical 
form of the arch are not relieved by plastic flow. The jacking might 
therefore have a more beneficial effect on steel stresses than it does 
on the concrete, but it is not certain that a reduction in the steel 
stresses is necessary. 


The actual effect of the Freyssinet method on stresses has never 
been checked because of the impossibility of identifying plastic, elastic 
and shrinkage strains when total strains are measured. In the case of 
extremely flat arches it provides a means of preventing excessive 
sagging, and where excessive movement of abutments is feared, it will 
correct for horizontal displacement at the time of jacking. Plastic 
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flow has the effect of eliminating most of the concrete stress due to a 
reasonable abutment displacement. 

Table 7 gives a summary of the dead load, rib-shortening, shrinkage 
and temperature stresses as computed in the foregoing sections together 
with stresses due to live load. The positive live load moment at the 
crown is 180,000 in. lb. and the live load thrust is 11,500 Ib. 


TABLE 7—SUMMARY OF STRESSES AT CROWN 
l - 3 ‘ 5 6 7 8 9 
ots 
Seal Ge z 
=) a g 5 as ~ % — g— ~ = _ 
eS <= =) 5 Re o+ =) 
a | BS fat) «& ona. ha — on = 
eck) so EE“ | Eg™ qn qn o£ =n qt 
fae ao il ok @-32 s+ o+ c= s+ s+ 
Q<k<| Be | O48) BRS BK fos eo i ew 
Extrados, Direct } 184 +42 12) +4 
Concrete) Rib-Short'ing. | 36 58 185 +185 
Total | 220 16 197} +189 433 47 268 504 701 
Intrados| Direct 184 +42 12| +4 
Concrete! Rib-Short'ing +43) +68) +215) 215 
Total 141} +110) +203) —211] +172 242) +178) +147) +350 
Extrados| Direct 5170 8370) +2470 823 
Steel Rib-Short'ing . | 872) —1590 1091} +1091) 
| | | | 
Total | —6042 9960} +1379) +4268|—14623|—15734 1680 | —17682|— 16303 
= } } 
Intrados| Direct | —5170 8370) +2470} 823 | 
Steel Rib-Short'ing.| +1062} +1950) +1309) 1309 
| j 
Total 4108 6420| +3779 2132 6749|—12660|) +1000) 9528 5749 


7. SUMMARY OF CONCLUSIONS 


The live load rib-shortening thrust is approximately: 11,500 x 


0.0175 = —201 lb. 

The live load rib-shortening moment is 201 x 47 = 9450 in. lb. 

The total moment is then + 189,450 in. lb. and the thrust is 11,299 
lb. With F 1,000,000 and p = 0.005 the stresses are as follows: 

11299 m ‘ 
Direct f, 15.3 lb. per sq. in. compression. 
240 x 1.0375 
Direct f, 7.5 x 45.3 = 340 lb. per sq. in compression, 
Bending f. = wh Rn 223 Ib. per sq. in. 


S500 
Bending f, = 223 x 0.8 x 
These stresses are based on the assumption that the concrete is 
taking tension as well as compression. If the concrete takes no tension 
the stresses due to live load alone would be f, 513 lb. per sq. in. and 


5 = 1340 lb. per sq. in. 


iP 9,750 lb. per sq. in, which would correspond to a local bending 
strain in the arch 3.6 times as great as though the concrete were taking 
tension. It is obvious that full cracking of the concrete would be 
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equivalent to a great reduction in moment of inertia or partial hinging 
of the rib at the section in question which would reduce the bending 
moment at that section. There is a distinct difference between the 
action of live load which follows the rib when it deflects and that of 
reactions due to rib-shortening, shrinkage, temperature changes, and 
abutment movements which produce limited strains. In the latter 
case the reactions are proportional to the stiffness of the arch and they 
would be immediately reduced by any cracking of the concrete. 


It may be seen from Table 7 that the total crown stresses, computed 
on the assumption of no tension cracks in the concrete, are not great 
enough to produce tension cracks in this particular arch. The steel at 
the crown is under a high compressive stress from dead load and 
shrinkage, which is not reversed in this arch by temperature change and 
live load. This arch has a rise of about one-seventh of the span and 
the crown thickness is about one-tenth of the rise. The steel compres- 
sion due to dead load and shrinkage has the effect of greatly increasing 
the useful range of tensile stress in the steel, but care should be taken 
in designing an arch to see that the tensile stress due to live load and 
temperature variations is not great enough to crack the concrete 
seriously. Consideration should be given to the extensibility of con- 
crete under sustained load and under short time load. High stresses 
in the steel, within the elastic limits in tension and compression, are not 
in themselves dangerous if the steel is properly spliced to prevent it 
from slipping and is tied laterally to prevent it from buckling. It 
appears that the steel stresses should not be high enough to cause 
plastic deformation and the use of high elastic limit steel may be 
advisable in some cases. 


The computation of stress at a particular section of an arch rib is 
complicated by the fact that dead load, shrinkage and temperature 
stresses each involve the use of a different effective value of FE. and 
must therefore be computed separately. In the computation of these 
it was assumed that the full concrete section is intact with the same 
modulus of elasticity in tension and compression. It seems proper to 
compute live load stress in the concrete in the same manner. The 
Yadkin River bridge tests indicated that to be satisfactory (32, p. 205). 
The same tests indicated that the actual steel stresses lie between 
those computed on the assumption of full tension and no tension in 
the concrete, but nearer the former value. 


The conclusions drawn by Lorenz G. Straub from his elaborate 
analysis of the effect of plastic flow on concrete arches (25, p. 677) are 
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consistent with the findings of the writer, which are summarized as 
follows: 


CONCLUSIONS 


1. The action of concrete arches under live loads, conforms closely 
to the general theory of elasticity. 

2. The plasticity of the concrete must be considered in calculating 
stresses due to permanent loads, shrinkage and temperature changes. 
Such stresses cannot be determined in the same manner as the live 
load stresses as though the arch were an elastic structure, and they 
cannot be determined by extensometer measurements. 

3. Observation on crown movements of arches under ideal abut- 
ment conditions over a period of several years will give the most 
definite information regarding the limiting values of shrinkage, plas- 
ticity and temperature effects. These will indicate the relation 
between the action of arches and laboratory specimens, and permit 
a rational interpretation of results of laboratory investigation. 

4. The initial stress produced in the concrete of an arch by a 
bending strain introduced at an early age is largely eliminated by 
plastie flow. 

5. Plastie flow does not have any material effect on the bending 
stresses in a plain concrete arch due to dead load rib-shortening, neither 
materially increasing nor decreasing them. 

6. In a reinforced concrete arch, the effect of decentering at as 
early an age as practical will be to reduce the concrete stresses and 
increase the steel stresses due to dead load rib shortening. 

7. The effect of early decentering will be to reduce the stresses in 
the conerete due to a displacement of abutments. 

8. On account of the plastic flow of the concrete it is important 
that the center of the arch rib shall follow the dead load pressure line 
as nearly as possible in order to avoid progressive distortion of the 
rib. This means that the rib should not be made to follow the pressure 
line of dead plus one-half live load. 

9. Shrinkage of the concrete produces a large compressive stress 
in the reinforcing steel. 


10. Plastic flow in the concrete reduces the bending stress in the 
concrete due to shrinkage rib-shortening, by about 75 or 80 per cent, 
but there is no reduction in steel stress. The effect of shrinkage on 
the bending stress in the concrete may therefore be equivalent to 
approximately a 12° F. drop in temperature, but the effect on the 
steel is equivalent to a much larger drop, probably 50 to 60° F. 
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11. The coefficient of thermal expansion of concrete is usually 
less than that of the steel. Therefore a large change in temperature 
produces considerable direct stress in both concrete and steel. 


12. The average internal temperature range in an ordinary con- 
crete arch may be assumed to be 60 per cent of the yearly range in 
extreme air temperature. This includes an allowance for the effect of 
moisture variations and plastic flow. 


13. On account of plastic flow, high temperatures during setting 
have no appreciable effect on concrete stresses, and temperature stresses 
in the concrete can be computed for an equal rise and fall equal to 
one-half of the maximum range, regardless of the temperature during 
construction. 


14. It may be better to compute steel stresses for a fall of three 
quarters of the total range of temperature, because the steel stresses 
are not equalized by plastic flow. 

15. Temperature stresses and thrusts should be computed from 
the true modulus of elasticity which may be about 4,000,000 lb per 
sq. in. for 1:2:4 concrete instead of the nominal 2,000,000 lb. per sq. 
in. value. 

16. On account of the effect of plastic flow in the concrete, the 
Freyssinet method of introducing a compensating strain in a concrete 
arch during construction is effective to only a small degree as far as 
concrete stress reduction is concerned. It may be of value in special 
cases to prevent sagging of extremely flat arches. 

17. Due to the large deformations produced by plastic flow, shrink- 
age, and temperature variations, it is evident that very high stresses 
must exist in the steel in addition to live load stresses. Plastic flow 
in the steel will prevent the total steel stress due to these causes from 
materially exceeding the elastic limit. The yield point stress in either 
tension or compression is therefore the limiting stress in the steel. The 
steel will automatically adjust itself through plastic flow and cannot 
fail if the range of stress due to live load and seasonal variations is 
less than the range between the two yield points. The use of high 
elastic limit steel may be advisable. 


18. The high stresses in the steel make the efficient splicing of the 
reinforcing bars and their lateral support by closely spaced ties, 
extremely important. There may be advantage in welded splices and 
spiral reinforcing. 

19. The calculation of concrete stresses may be based on the assump- 
tion that the full section is intact with concrete taking tension. The 
steel stresses will exceed those computed on this basis if the concrete 
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is actually cracked although such a computation is more accurate 
than one based on no tension in the concrete. 


20. Particular attention should be paid to stability of abutments 
and piers. The high modulus of elasticity of concrete and the restraint 
of superstructure may make the temperature reactions much greater 
than ordinarily computed. Plastic flow does not materially reduce 
rib-shortening reactions and there is a considerable reaction due to 
shrinkage in the concrete. 

REFERENCES 

(1) Plastic Yield, Shrinkage, and Other Problems of Concrete and their Effect on 
Design. Oscar Faber. Proc., Inst. C. E., V. 225, 1927-1928, p. 27. 

(2) Flow of Concrete Under Sustained Compressive Stress. R. E. Davis, Proc., 
A.C. L., V. 24, 1928. 

(3) Flow of Concrete Under Sustained Compressive Stress. R. E. Davis and H. E. 
Davis, Proc., A. 8S. T. M., V. 30, 1930, p. 707. 

(4) Flow of Concrete under Action of Sustained Loads. R. E. Davis and H. E. 
Davis, A. C. I. Journat, March, 1931; Proc., V. 27, p. 837. 

(5) Studies in Reinforced Concrete. Building Research Technical Paper; No. 10, 
Bond Resistance; No. 11, Shrinkage Stresses; No. 12, The Creep or Flow of 
Concrete Under Load. W. H. Glanville. 

(6) Flow of Concrete Under Sustained Load. E. B. Smith, Proc., A. C. I., 1916. 

(7) Time Tests of Concrete. Fuller and More, Proc., A. C. I., 1916. 

(8) Volume Changes in Concrete. C. H. Scholer and E. R. Dawley, Proc., A. 8. T. 
M., V. 30, Part II, 1930, p. 751. 

(9) A Summary of Investigations of Volume Changes in Cements, Mortars, and 
Concretes Produced by Causes Other Than Stress. R. E. Davis, Proc., A. 8. 
T. M., V. 30, Part I, 1930, p. 668. 

(10) Volumetric Changes in Portland Cement, Mortars and Concrete. Davis and 
Troxell. Proc., A. C. 1., V. 25, 1929. 

(11) Summary of the Results of Investigations Having To Do With Volumetric 
Changes in Cements, Mortars and Concretes due to Causes Other Than Stress. 
R. E. Davis, A. C. I. Journat, February, 1930; Proc., V. 26, p. 407. 

(12) Study of the Effect of Moisture Content upon the Expansion and Contraction 
of Plain and Reinforced Concrete. T. Matsumoto. Bul. 126, U. of Ill, Eng. 
Exp. Sta., December, 1921. 

(13) Influence of Aggregates upon Shrinkage of Mortars and Concrete. C. M. 
Chapman. Proc., A. 8. T. M., V. 24, Part I, 1924, p. 767. 

(14) Effect of Moisture on Concrete. W.K. Hatt. Trans. A. 8. C. E., V. 89, 1926, 
p. 270. 

(15) Physical and Mechanical Properties of Portland Cements and Concretes. 
W. K. Hatt and R. E. Mills. Bul. No. 34, Engineering Experiment Station, 
Purdue Univ. 


(16) Summary of Fatigue of Concrete. Moore and Kommers. Proc., Highway 
Research Board, 1928. 

(17) Fatigue of Concrete. R.E. Millsand R. F. Dawson. Proc., Highway Research 
Board, 1927. 

(18) Relationship Between Strength and Elasticity of Concrete in Tension and in 
Compression. J. W. Johnson. U. of lowa, Bul. 90, 1928. 








518 
(19) 
(20) 


(21) 


(22) 
(23) 


(24) 


(25) 
(26) 
(27) 
(28) 


(29) 


(30) 
(31) 


(32) 


(33) 


(34) 
(35) 


(36) 
(37) 
(38) 
(39) 


(40) 
(41) 


(42) 





JOURNAL OF THE AMERICAN ConcrRETE INSTITUTE Proceedings 


Modulus of Elasticity of Concrete. Stanton Walker. Struct. Mat. Research 
Lab. Bul. 5. 

Modulus of Elasticity and Poisson’s Ratio for Concrete. R. E. Davis and G. E. 
Troxell. Proc., A. 8. T. M., V. 29, Part II, 1929, p. 678. 

Digest of Tests in the United States for Determination of the Modulus of 
Elasticity of Portland Cement, Mortar and Concrete. L. W. Teller. Proc., 
A. 8. T. M., V. 30, Part I, p. 635. 

Digest of Tests Data on Poisson’s Ratio for Concrete. F. E. Richart and N. H 
Roy. Proc., A. 8S. T. M., V. 30, Part I, p. 661. 

Some Long Time Tests of Concrete. M. O. Withey A.C. 1. Journat, Feb- 
ruary, 1931; Proc., 1931, p. 547. 

Etudes sur les deformations lentes des ciments ou retraits. E. Freyssinet, 
presented at the First International Congress for Concrete and Reinforced 
Concrete, Liege, September, 1930. 

Plastic Flow in Concrete Arches. Lorenz Straub. ‘Transactions, A. 8. C. E 
1931, p. 613. 

Reinforced Concrete Column Investigation. Second Progress Reports of Com- 
mittee 105, A. C. I. Journat, March, 1931, Proc., V. 27, p. 761 
Untersuchungen und Verstarkungen an der Eisenbetonbruecke tiber die Rhone 
bei Chippis. H. Nater. 

Effect of Climatic Changes upon a Multiple-span, Reinforeed Concrete Arch 
Bridge. W.M. Wilson. U. of Ill., Exp. Sta. Bul., 174, 1928, 

Behavior of a Reinforced Concrete Arch During Construction. 8. B. Slack 
Proc., A. 8. C. E., November, 1929. Discussion February, May, September, 
November, 1930. 

Shrinkage and Temperature Changes in Reinforced Concrete. EE. H. Harder 
Eng. News-Rec., V. 90, 1923, p. 661. 

Notes on Construction of a Concrete Stadium. W. K. Hatt. Proe., A.C. 1, 
V. 21, 1925, p. 113. 

Loading Tests on a Reinforced Concrete Arch. Report on Tests made on 
Yadkin River Bridge in North Carolina. A. L. Gemeny and W. F. Hunter 
Public Roads, V. 9, No. 10, December, 1928 

Model Analysis of a Reinforced Concrete Arch (Yadkin River bridge). J. 'T 
Thompson. Public Roads, January, 1929 

Arch Dam Investigations. Proc., A. 8. C. E., May, 1928 

Arch Committee Reports. Proc., A. 8. C. E., March, 1926, March, 1927, 
March, 1928, March, 1929 

Laboratory Tests of Reinforced Concrete Arch Ribs. W.M. Wilson. U. of UL, 
Exp. Sta. Bul. 202, 1930, 

Dependability of the Theory of Conerete Arches. Hardy Cross. U. of III 
Bul. 203. 

Laboratory Testa of Reinforced Concrete Arches with Decks Wilbur M 
Wilson. Eng. Exp. Sta., Bul. 226, U. of Il 

Design of Symmetrical Concrete Arches. Charles 8. Whitney. Trans. A. 8 
C. E., 1925, p. 931. 

Neuere Methoden zur Statik. A. Strassner. V. I, 3rd Edition 
Determination of Internal Temperature Range in Concrete Arch Bridges 
Nichols and MeCullough. Bul. 30, Univ. of Lowa, Exp. Sta., 1913 
Temperaturbeobachtungen an Ausgefuhrten Betonbauwerken der Schweiz 
Ed. Stadelmann. 





(43) 


(44) 


(45) 


(46) 


(47) 


(48) 


(53) 


(54) 


(56) 


(57) 


(os) 


(59) 


(60) 


(61) 
(62) 


Plain and Reinforced Concrete Arches 519 


Walnut Lane Bridge, Philadelphia. George 8. Webster and Henry H. Quimby. 
Trans. A. S. C. E., V. 65, 1909, p. 423. 

Temperatures Developed in Mass Concrete and Their Effects upon the Com- 
pressive Strength. R.E. Davis and G. E. Troxell, Proc. A. 8. T. M., Vol. 31, 
Part II, 1931, p. 576. 

Versuche Uber den Einflus der Grése des Temperaturwechsels der Luft auf 
Betongewolbe. Vol. I, 3rd Edition, p. 5389. Handbuch fur Eisenbetonbau. 
F. Emperger. 

Temperature Deformations in Concrete Arches. Hardy Cross. Eng. News 
Record, V. 96, 1926, p. 190 

Der Umbau des Grandfey-Viaduktes Adolf Buhler. Hoch and Tiefbau, Nos 
16-22, 1928. ; 

Construction of the Grandfey Viaduct Adolf Biithler. Proc., A. C. I., V. 23, 
1927, p. 489 

Ergebnisse der Belastungsversuche an den Eisenbeton-Bogenbruecken. Prof 
Dr Ing M tos 

Long Span Concrete Arch Design in France. Charles 8. Whitney Eng. News 
Record, V. 93, 1924, p 163 

Les Ponts en Beton Arme de tres Grande Portée. E. Frevyssinet 


The Freyssinet and the Recent European Methods of Stress Control in Elastic 
Arch Ribs McCullough and Thayer. Elastic Arch Bridges, Chapter IX 
John Wiley and Sons, 1931. 

Design of First Freyssinet Arch in United States. C. B. McCullough. Eng 
News Record, November 26, 1931, p. S41 

Le Pont de Villeneuve-sur-Lot, Perfectionnements dans la Construction des 
Grandes Voutes. KE. Freyssinet. Genie Civil, July 30, August 6, 13, 1921 
L’amelioration des Constructions en Beton Armé par l’introduction de Defor- 
mations Plastique Systematiques. E. Freyssinet. Genie Civil, September 15, 
1928 

Le Pont en Beton Armé Albert Louppe, sur’ Elorn, entre Brest at Plougastel 
\. Coyne and E. Freyssinet. Genie Civil, October 4, 1980, V. 97, p. 317 

Le Nouveau Pont de la Tournelle, a Paris. Ch. Dantin. Genie Civil, March 
17, 1928, V. 92, p. 249 

Le Nouveau Pont en Beton Armé, sur la Seine a Saint Pierre-du-Vauvray. 
Genie Civil, November 3, 19238, V. 83, p. 337 

Le Pont Candelier. EE. Freyssinet Annales des Ponts et Chaussees, 2, 1923 
Rapports Presentés au Premier Congres International du Beton Et Du Beton 
Armé, tenu a Liége en Septembre, 1930 

Grandes Voutes. Paul Séjourné 

La Correction des Effets dus aux Dilations ou Contractions Permanentes dans 
les Voutes en Beton. E. Baticle. Genie Civil, V. 87, 1925, p. 426 


Readers are referred to the Journnawu for Sept. 1982 (Vol. 29), for discussion whiel 


may develop. Such discussion should reach the Secretary not later than July 1 























Discussion of Paper by J. R. Shank: 


‘“‘BonD, SHEAR AND DIAGONAL TENSION IN REINFORCED 


(CONCRETE’’* 
BY G. N. BREKKET 


Pror. J. R. SHANK in his paper, “‘Bond, Shear and Diagonal Tension 
in Reinforced Concrete,” suggests a new regulation for computation 
of shearing stresses in stirrups and bent-up bars at angles a with the 
horizontal, greater than 45°. He derives the formula: 

te Sere 

jd (sin a + cos a) 
and proposes its use in such cases. He further points out that the 
Joint Committee Report of 1924 for angles a less than 45° with the 
horizontal, expresses the partial stress in one bent-up bar as 

1 
(sin a + C08 a) 
which conforms to the proposed formula above, and that the same 
committee report of 1924 expresses the partial stress for angles a 
greater than 45 deg. as 


S = v'bs sina 





S = v’bs 





Prof. Shank thinks it is unreasonable to use one formula on one side 
of the 45-deg. line and another formula on the other side, and suggests 
the use of the same formula in both cases. 

Whenever the shear stresses exceed the allowable limit for concrete, 
and shear reinforcement has to be provided, the most economic angle 
for this reinforcement is 45 deg. Applying the Culmann method and 
assuming that no tensile stress can be taken by the concrete, the 
quadrangle of the internal forces is that shown in Fig. 1. 

If for some reason other angles have to be used, for instance, as is 
most often the case, a 90-deg. angle for stirrups, or if some steel has 
to be installed at an angle a less than 45 deg., it is clear that the 
minimum requirement for steel area applicable for reinforcement at 
45 deg. will have to be increased to some extent. 

The stress at 45 deg. will have to be resolved into stresses in 





‘A. I. JourNAL, Nov., 1931, Proceedings V. 28, p. 187. 
tEngineer, Johnson City, Tenn. 
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other directions, of which the one, S’ is given by the angle a and the 
other direction L’ is to be chosen. This is the subject of this discussion. 

For all angles a from 45 to 90 deg., the component in direction L’ 
will be taken by a compression member of the structure, and can be 
transferred from the intersection point of the forces in the upper cord, 
through the concrete to the tensile reinforcement in the lower cord. 
Assuming an ideal structure, this compression member would be on 
a 45-deg. angle (opposing that of the reinforcement), and in order to 
provide a reinforcement in all 45-deg. sections where cracks due to 
shear may occur, it sometimes will be necessary to design structures 
similar to a single, double or triple lattice-work, as shown in Fig. 2. 


Fig. / 
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If for any angle of a greater than 45 deg., L’ is laid in any direction 
other than at right angles to S, some stress other than compression 
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would have to be conducted through the concrete, which would not 
be allowed. Therefore it seems quite reasonable to assume this com- 
pression stress in the L’ direction as under 45 deg. as shown for the 
three different kinds of latticework design in Fig. 3. 

Having arrived at this conclusion, the expression for the stress in 
the direction of S’ would be 

\ oe __ V's 

jd (sin a@ + cos a) 
as proposed by Prof. Shank. So far therefore his proposal is agreeable. 

If the angle a decreases and finally gets smaller than 45 deg., some- 
thing remarkable happens, namely the new direction of S’ is such 
that the other component no longer can be taken by a compression 
member of the structure. 

Looking at the Culmann quadrangle in Fig. 4 it is evident that the 
component L’ can not be laid in the 45-deg. direction, as this would 
mean tensile stress which could not be carried in that direction through 
the concrete web. It will, however, have to be laid in the same direc- 
tion as C and would increase this compressive force in the upper cord 
with a corresponding amount. Because of the fact that the additional 
stress is forced to make its way through the compression cord of the 
structure, the reinforcement in any direction S’ at an angle a less than 
45 deg. would have to be much stronger. 

The assumption of different formulas for the stresses in stirrups or 
bent-up bars at angles a, in the first place less and in the second place 
greater than 45 deg., therefore seems fully justified. The formula for 
the stress in the reinforcement for any angle’ @ less than 45 deg., 
according to the above, would be 

V's 
jd sin @ 
Principally this is the same formula as adopted in the March 19, 1928, 
report of the Joint Committee, for all angles between 15 and 90 deg. 
(according to Handbook of Reinforced Concrete Building Design, by 
Arthur R. Lord, p. 228.) For stirrups: 
V's 

14000 d 

and for bent-up bars 
Vv’ 


16000 sin a 


S = 


As there is still much uncertainty concerning this subject, it will be 
very interesting to read further comments on it. 

















DESIGNING CONCRETE FOR WEIGHT OF 271 PouNps PER 


Cusic Foor 
BY C. C. KEYSER* 


1. INTRODUCTION 


For the construction of the counterweights of the bascule span of 
the Arlington Memorial Bridge, Washington, D. C., the Phoenix 
Bridge Co., Phoenixville, Pa., asked the Fritz Engineering Labora- 
tory, Lehigh University, to design a concrete having a weight of 271 
lb. per cu. ft.; not less than six bags of cement per cu. yd. of concrete 
and a compressive strength of at least 2000 p.s.i. at 28 days. 


It is obvious that to secure the specified weight, some sort of heavy 
aggregate had to be used. The simplest method would be to add 
enough steel rivet-punchings to a mix of sand and gravel to give the 
required weight. This, however, was not practical, since the presence 
of large amounts of punchings made an extremely harsh mix, and due 
to the high cost of the punchings, an expensive concrete. Serious dif- 
ficulties were also likely in collecting enough steel punchings in the 
construction time allotted. Other heavy aggregates which could be 
used are, copper slag, mill cinder, and iron ore. However, none of 
these materials was heavy enough to eliminate entirely the necessity 
of the steel punchings. Preliminary tests indicated that Swedish iron 
ore was the most satisfactory of the materials available for use with 
the punchings. 


2. MATERIALS 


The Swedish iron ore had a specific gravity of 4.94, the highest of 
any aggregate under consideration, except the punchings. It was 
clean enough to be used as received. It ranged in size from that pass- 
ing a No. 100 sieve to that passing about a 6-in. square opening. Of 
the total amount of ore, about 58 per cent was larger than 1-% in. 
This was screened out and crushed. The ore was then screened on a 
No. 4 sieve (0.185-in. opening) to separate it into fine and coarse 
aggregate—yielding about 25 per cent suitable for fine aggregate. 


*Laboratory Assistant, Fritz Engineering Laboratory Lehigh University, Bethlehem, Pennsylvania. 
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This was not enough for a placeable mix and some sand furnished by the 
Phoenix Bridge Co. from the Columbia Sand & Gravel Co., of Wash- 
ington, D. C., was added. The punchings required for the specified 
weight were free of oil and rust and varied in diameter from about 
¥ to 1 in., and in thickness from about 4 to 5% in. 


3. METHOD OF TESTING 

Preliminary tests showed that the entire trial mix had to be put into 
the mold if the actual weight of the mix was to check the computed 
weight. For this reason trial batches were designed to fill the stand- 
ard 6 by 12-in. cylinder to a height of approximately 9 in. The speci- 
mens were weighed immediately after making and were left in the 
molds 24 hours, then they were removed from the molds and weighed 
again. They were stored in damp sand for 20 days, then removed, 
weighed and placed in the air of the laboratory until they were tested 
to failure in compression at the age of 28 days. One day before the 
testing they were weighed again and capped with Lumnite cement 
mortar. The exact volume of the 6 by 9-in. specimen was determined 
by weighing it first in air and then in water. By this method a very 
satisfactory check was secured between the designed and the actual 
weight of the specimen. 


4. METHOD OF DESIGNING MIXES 


In designing the mixes all computations were made on the basis of 
absolute volumes. The cement content was fixed at 6 bags per cu. yd. 
or 0.107 cu. ft. absolute volume per cubie foot of finished concrete. 
The volume of mortar was designed so as to be slightly more than 
that necessary to fill the voids in the coarse aggregate. This was done 
to prevent as far as possible, the segregation of the heavy coarse ag- 
gregate. Water was kept at a minimum consistent with a placeable 
concrete. 

In the computation of the mixes it was assumed that there were no 
air voids in the fresh concrete, a condition that is fairly well met in a 
plastic mix. The method used for designing the mixes is illustrated by 
the following example for specimen I 12.1, which had Swedish iron ore 
as coarse aggregate. 

(1) The weight of 1 cu. ft. (absolute volume) of a material is 62.5 times the specific 
gravity of the material. The absolute volume is therefore given by the expression 


Ea where W is the weight of the material, g is its specific gravity, and 62.5 is the 


62.59 
weight of water per cubic foot. 

(2) The symbols, w, c, a, b, and p, represent in cubic feet, the absolute volume of 
water, cement, fine aggregate, coarse aggregate and punchings respectively, in one 
cubic foot of freshly mixed concrete. 
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(3) The required weight of the concrete after curing was assumed to be 271 lb. 
per cu. ft. This was based upon a preliminary estimate. 

(4) It was assumed that some mixing water was lost by evaporation when the 
concrete dried out after curing in damp sand. A loss of 75 per cent was first assumed; 
this proved to be too large, and later a loss of 20 per cent was used. Tests later 
showed that the average loss in weight after 50 days in air was equivalent to losing 
about 27 per cent of the mixing water. 

(5) The weights per cubic foot (by absolute volume) of the materials used were: 
water 62.5, cement 195, fine aggregate (sand) 167, coarse aggregate (Swedish ore) 
309, and punchings 490 lb. In order that the weight of the concrete be 271 Ib. per 
cu. ft. after drying out, the weight of a cubic foot of the freshly mixed concrete must 
exceed 271 lb. by the weight assumed to be lost by evaporation, that is, by 0.20 times 
62.5w, since 62.5w is the weight of the mixing water. The weight of a cubic foot of 
freshly mixed concrete will then be represented by equation (1): 


62.5w + 195¢c + 167a + 309b + 409p = 271 + 0.20 XK 62.5w............... (1) 
Since the sum of all the absolute volumes must equal 1, we have: 
ee et ee lh ee it Sd PED Vee e ERR CRE ETT er eT eee ee (2) 


In the mix for specimen I 12.1 the cement, c, per cubic foot (absolute volume) of 
concrete was fixed at 0.107 by the specifications. The water-cement ratio was 
arbitrarily chosen as 0.75 by loose volume or 0.75 x 2.07 = 1.55 by absolute volume, 
thus fixing the water at 0.166 cu. ft. per cubic foot of concrete. The volume a (fine 
aggregate) was arbitrarily chosen as 0.175 to give the estimated proper proportion of 
mortar. Substituting these values of c, w, and a, in equations (1) and (2) and solving 
the simultaneous equations the absolute volumes 6 and p of the coarse iron ore and of 
the punchings are found to be 0.320 and 0.232 respectively. The solution of these 
simultaneous equations for each mix proved tedious and a diagram was prepared 
from which the required absolute volumes of the ingredients were read directly. 

The data of all the specimens made, including the preliminary tests 
are given in Table 1. It was the divergence between the computed 
and the observed weights for such specimens as 1G2, 113, and M2.1 
that made it necessary to use all of the material in the batch for each 
cylinder. The water-cement ratios, by loose volume, ranged from 0.6 
to 0.9 as shown in Table 1. The mixes having a water-cement ratio 
of 0.6 were designed to be placed with an electric vibrator. All the 
other mixes could be placed by hand. In placing the concrete in the 
mold with the vibrator a foot just fitting the inside of the mold was 
attached to the tamper. About three or four inches of concrete was 
placed in the mold. The foot of the vibrator was then placed directly 
on top of the concrete and vibrated until mortar just began to appear 
around the edge of the foot. This operation was repeated until the 
entire batch had been placed in the mold. 


5. DISCUSSION OF RESULTS 
In Table 1 the results are given for all specimens made in this 
investigation. Specimens 1C1 to M2.1 were included in the prelim- 
inary tests and show the results for copper slag, gravel, iron ore and 


mill cinders used in connection with steel punchings as coarse aggre- 
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TABLE 1—DATA OF TEST SPECIMENS 






































; Weight of Ingredients of Concrete Observed ' i") 
S Kind of | « Lb. Per Cu. Ft. Weight és 
- Aggregate 3 ¥ Lb. Per Ft. d Sz 
= | Se2 ~ »e 
= O Ce- | Fine |Coarse| a & Sa : 
4 < | Water} ment |Aggre-|Aggre-| Punch Es > 28 s oe 
mm | Fine | Coarse | & gate | gate OBA | Green| Days| ZF Raa 
1C1 | Sand |Copper 
Slag 0.60|) 9.31) 23.40} 30.06) 39.22)175.91|277.90|279.98/279.04| 0.50] 4,050 
1G1 Sand |Gravel .70| 10.63) 23.40) 30.06) 25.05/186 . 20/275. 34 1,527 
1G2 | Sand |Gravel .70| 10.62} 23.40) 25.05) 23.21|196.49|278.88/291.34/288.82| 7.50) 2,396 
1G3 | Sand |Gravel -70| 10.62} 23.40) 25.05) 28.22/191.59/278.88/280.93/280.61) 6.25] 2,535 
G4.1 | Sand |Gravel .77| 10.62| 20.86) 27.22] 28.06/192.08/278.85/283.14/283.93| 7.50) 2,212 
G5.1 | Sand |Gravel | .70| 9.69) 20.86) 27.22) 31.73/188.65/278. 141276.51/275.25) 5.25) 2,689 
112 Iron jIron 
Ore | Ore .60} 9.06) 22.82) 40.59)106.75| 91.63/270.85/272.72/272.09| 3.50) 4,300 
113 ii Bi: -70| 10.62} 23.40) 50.04) 72. 14/122.74/|278.95/290.71/289.14| 3.50! 3,096 
114 Sand o -70| 10.62) 23.40) 30.06) 58.94/155.82/278.84/279.04/276.82| 4.50) 2,958 
1M1 | Sand /|Mill 
Cinder| .60|] 9.32) 23.40] 30.10) 65.80/149.50/278.10/276.19/277.14| 5.25|] 4,180 
M2.1)| Sand “= .70| 9.69) 20.86) 39.75) 54.12/153.86|278. 28/268.93 268 .62| 7.00; 3,424 
e! In IronOre| .80} 11.06) 20.86| 30.06) 87.75/|123.48|273.22/273.67 272.41) 2,001 
re | ron | | 
Ore * -90} 12.19] 20.48) 60. 26/122.67) 52.92/268.52 267 . 04 |264. 52) | 2,426 
110.1} Sand ™ -60} 8.31) 20.86 Ret 131.94) 84.77 |272. 61/269. 88/268. 62) | 3,661 
” Z 14.19 | 
{Sand -85/ 11.75) 20.86) 32° 44| 99.50| 94.57|273.32|271. 46/270. 52 | 2,162 
I11.1 on | | 
Ore id 2 {14.19 
111.2 -85| 11.75) 20. 86)) 39° 44| 99.50) 94.57 /273.32|272.07 |268 .62| 2,376 
7 - , 14.19 
111.3 -85/ 11.75) 20.86) 39° 44| 99.50) 94.57|273.32 271.46 |268.94| | 2,157 
112.1) Sand me .75| 10.37) 20.86| 29.22) 98.88/|113.68|273.03/274.67 \272. 10 | 2,253 
112.2 : .75| 10.37| 20.86) 29.22) 98.88/113.68/273.03|273 .98|270. 83) 2,201 
=< Ie , 75| 10.37) 20.86) 29.22) 98.88/113.68/273.03/271.77 |271.46| 2,114 
13.1} Iron 
a .85| 11.75) 20.86) 60.26/118.65) 61.74|273. 27/270. 20/268 .62 2,838 
113.2 “ .85| 11.75) 20.86) 60.26|118.65) 61.74/273. 27 |270. 51/267 .68 2,800 
113.3] ‘* - 85} 11.75] 20.86) 60.26/118.65) 61.74|273. 27 |269 . 57 |266.73 2,622 
114.1} Sand nie -60} 8.31) 20.86) 27.56/129.16| 86.73|272.62/272.72/271.78 4,290 
114.2) “ " .60) 8.31) 20.86) 27.56/129.16| 86.73/272.62/273.35)\268.94 | 4,197 
114.3) “ , .60| 8.31) 20.86) 27.56/129.16| 86.73/272.62 266 .41/265.15 | 4,304 
































*Loose Volume. 


gates. The fine aggregate for these specimens was either natural sand 
or fine iron ore. 


Specimens 16.1 to 114.3 were included in the final investigation. In 
all cases the iron ore was used with steel punchings as coarse aggre- 
gate. The fine aggregate consisted of natural sand or fine iron ore, 
or a mixture of the two. As previously stated, mixes having a water- 
cement ratio of 0.60 by loose volume were so dry that they had to 
be placed with the vibrator, all other mixes were plastic enough to be 
placed by hand. The cement content in all these mixes remained at 
six sacks of cement per cubic yard of concrete. It is noted that the 
weight of the specimens included in these tests varied from about 
264.5 to about 272.5 lb. per cu. ft. The strength for the hand-placed 
specimens varied from 2000 to 2840 p.s.i. and for vibrated speci- 
mens from 3650 to 4300 p.s.i. Thus several of the combinations of 
aggregates used gave the specified requirements. 
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The method used in designing these mixes permits an intelligent 
variation in the weight aimed at, and in the construction work it was 
found necessary to make use of this fact. 

6. SUMMARY 

The results of these tests indicate that from a knowledge of the 
specific gravity of the ingredients used in the mix it is possible to 
compute the’ weight of fresh concrete to within about one per cent, 
provided the mix is of such a workability that the air voids may be 
neglected. 

In order to avoid segregation of materials it was found desirable to 
use a quantity of mortar only slightly greater than that required to 
fill the voids in the coarse aggregates. In mixes using the Swedish iron 
ore the absolute volume of the mortar ranged from 35 to 58 per cent of 
the total volume of the concrete. 

With the aggregates used it was possible to meet satisfactorily all 
the specifications laid down in this investigation. The choice of 
materials depended on the weight per cubic foot required and the cost 
of the ingredients. In this case Swedish iron ore, in connection with 
steel punchings, seemed to be the most satisfactory material for use as 
fine and coarse aggregate. 


Readers are referred to the JouRNAu for Oct. 1932 (Vol. 29), for discussion which may 
develop. Such discussion should reach the Secretary by Aug. 1, 1932. 

















NovTeEes ON HARDENING CEMENTS AT THE BOILING POINT OF 
W ATER* 


BY P. H. BATES AND R. L. BLAINET 


INTRODUCTION 


In an introductory note accompanying a paper by Woodworth, 
“Some Tests of Concrete Masonry Units Cured with High Pressure 
Steam,’’! the editor observed: ‘There is also the old question whether 
all available cements will react favorably to this treatment.’’ Possibly 
the editor had recalled to mind the old autoclave test for cement, 
which was discussed so vigorously almost two decades ago and which 
is still used by a few to distinguish between the outputs of different 
cement mills, and sometimes the output of the same mill from time 
to time. 

In the use of the autoclave the specimens were generally allowed an 
18- to 24-hour initial hardening period before being subjected to the 
high temperatures and high pressures, whereas Woodworth in some 
cases was subjecting the freshly molded specimens to these unusual 
conditions. Therefore, the editor’s query was rather suggestive, and 
some few tests have been made wherein the specimens were subjected 
to 212° F., but at atmospheric pressure within half an hour after 
molding. These seem to indicate that he is very likely correct and 
that all cements will not ‘“‘react favorably,” at least to the same degree. 

TESTS MADE 

Briefly, four cements were tested as mortars, as indicated in Table 
1, in the customary tensile briquets and 2in. compression cubes. Their 
chemical analyses and calculated possible constitution are shown in 
Table 2. One of these is a high early strength portland cement, 
another was made from cement rock in the Lehigh Valley, the third 
was made from marl and clay, and the fourth from limestone and clay. 
The percentages of the several constituents, calculated from the chem- 
ical analyses, indicate that the major constituent, 3CaO.SiOe, ranges 
from 53.5 to 68 per cent, a rather unexpected narrow variation. On 


*Publication approved by the Director of the Bureau of Standards of the U. S. Department of 
Commerce. 

tBureau of Standards, Washington, D. C 

1A. C. I. Journat, Feb. 1930; Proceedings, Vol 26, p. 504 
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| Nature of Hardening Process During First 24 Hours 











Method A Boiling Water for 16 etana Method B—Steam for 16 Hours 
Compressive | Tensile Compressive Tensile 
Strength, Strength, Strength, Strength, 
p.s.i. p.8.i. p.s.i p.8.1. 
i oh : ar tie | ai - ' a es | ‘ we 7 ‘ = seal 
- L x ; L 2 } 2 7 x L 
eigiti#isz#ie# iSiszgiziag ls lizizigszisaizie 
— =_— ~~ ~~ _ a ~ ~ | —— o- ~ ~ _ — -_ = 
a N L a N olianina | L a nN LH 
N ™ ' N nN ™ t- NIN tm | & N N i t- Nn 
a ae —etee ae | } | : 
Cement “A” 1575| 1600 li910| 1740) 165) 165] 150), 205 |167! 5|i1500 [2000] 1795) 180] 180| 185) 210 
Mix A 1340/1650) 11550) 11750] 185| 145 180 | 190|1425/1540}1550 11845) 145) 185) 155) 180 
1625 1600 |18! 50 {1670} 160) 165) 145 5] 205 | 1; 500) 1700; (1600, Lf on 180|} 155) 155) 205 
Av. 1515/1615 /1770)1720 165| 160) 160| 200/1835|1580 ln720 17 40| 170| 175| 165| 200 
Cement “A” — 1880 |1945|1810 1800) 175 160) 200) 215 | 2420 |2760 2295 2400) 165) 165) 215) 195 
Mix B 172! 511700 1980/1820} 145) 185) 160) 195/2630/2660|2390!2140| 205) 165) 185! 195 
11675 |2010|1720 coal 150) 180) 150) 150 /|2320)| 2425/2300 !2550; 210| 160) 200) 215 
Aw.|1760| [1885/1835 1800] 155) 175) 170) 185}2460/2615|2330|2360 195) 165) 200| 200 
| 
Cement ‘‘B”’ 2205 2475, 2335 | 2675) 260) 305) 280) 360) 2925/3400 |3520 |3570| 295) 260) 295) 365 
ix B 2200 |2450 |2100|2635| 295; 290) 280) 365/3400/3025/3900 3725) 290! 295! 300) 345 
2350 [2325 2225) ** | 275) 295) 285) 370 3325) 3675 3480 |3780| 310 300 | 315) 360 
! | | | | | } 
Av. 2260 |2415 (2215 2655 | 275 295 | 280| 3653215 \s70 3630 |3690) 300) 285) 305) 355 
Cement “C” \2325 |2675 2410/2625) 220) 235) 205) 250 2625 2430 3050 |3100) 210) 225) 200) 220 
Mix B 12430 |2185 |2600 |2300! 200) 210) 205) 245) 2840/2560 2270 2730) 215) 230) 225 190 
preer 2625 | 2415) 195) 220) 195) 210/2680 )2755 |2 2550 |2730| 220) 200) 205) 255 
| 
Av. RAI! 5/2425 2 2545 ba: 50) 205, 220) 200) 235 2715 |2580 2625 2850 | 215) 220) 210) 220 
| | | | | | 
Cement “D" 1100 1255/1240 |1775| 120) 135) 160) 175/1225/1625|1545|1930| 155) 130| 175) 180 
Mix B 1540/1215 14301605) 175) 160) 160) 165/1390/1420 1605 1885 165| 125) 155) 205 
12201 520 il 3501610) 155) 160) 150 a noes eee 590 |1860|} 160) 125) 175) 175 
Av. 1290 lL: 330 1340 1665) 150) 150) 160) 175/1295'1535 1580/1890) 160} 125) 170) 185 
omapotnem ¢ disintegrated. 
Mix A Mix B 
Ottawa pit runsand 750 ¢ Ottawa standard sand 500 ¢ 
Cement 250 g Ottawa pitrunsand 250¢ 
Water 160 ml Cement 250 g 
Water 130 ml 


the other hand, the minor constituents vary considerably, and, there- 
fore, one might assume that any difference developed in the physical 
properties of the cements might be due to the difference in the content 
of the minor constituents. 


The type of mortar indicated in Table 1 was made so as to permit 
using an amount of water approaching that used in field mortars and 
concretes. That referred to in the table as mix ‘‘A”’ required too much 
water for this purpose, unless a dry consistency was used. This was 
not desired, but rather a wet consistency approaching that used 
the field. Hence, after using this mortar with cement ‘“‘A,”’ it was dis- 
continued, and that referred to as mix “‘B’”’ was used. 


The consistency was such that thumbing or puddling of the mortar 
in the mold would have little effect on the resulting strength. After 
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Ratio of Strength by Method A (or B) to Strength by Method C 


Method © -Damp Closet at 70°F 7 : ; ; a ee 


3°) AK | B/C 
C preaioy  ¥ I . _ When Tested | When Tested When Tested | When Tested 
Strength, FORGTR, in Compression} in Tension in Compression | in Tension 
p.s.i p.s.i } 
| | 
a ijie2ftef v. @ z. g v n w Z | n 2 
hk ay al cal “~ ea a ~ a - Pa al ”~ 
= | ms Cin imi sl (SsizisgisisisSisisisi/SiBlaeleisisieie 
= lA = ~~ ie ~ iam la ae ee ee ~ _ oon a Aim iI ALA 
| — | ne me - — — — — j= — | = = 
~ x | Hintin Diliewin mnianln His6xwin Dintioa oa 
nN ~ | & os) Niel RINIANIRN TBI NINTR le ITNT A TR Ie LATA RRL aA 


485/1475/3535/5125) 70/)200/385 435 
455 | 1475) 2970/4830) 70/185/335|480 
$40 | 1415/2770 4660) 80/220 | 320/485 
460| 1455/3095 4870! 75/200 345 |470/3.8/1.310.610.4/2.110.910.510.4) 5.311.910.8190. 5!12.610.80.610.4 


310}1190/1935|4325)| 80)225/315/480 
295 | 1220) 182541360) 75/240 |200|435 
265/1285/1985|4625| 65/200)260) 480 


290| 1230/1915 1435 | 75220 (290 465/17 .8/2.0/1.210.6/3.7/1.310.9)0. SI11.1/12.7/11.910.814.0!11.3 


10.8 


1205 | 3300 | 5645 '7300 |210/415/425 505 
1135/3375 |4455 57 30 (200 |400 1510 | 550 
1165 | 3675/5490 1620 1185 40515551510 


| 
1170}3450 | 5200 |5880 |200 410 (500 |520 |2.010.710.510.411.010.50.410.412.4 0 


710.510.411.010.50.410.4 
210} 850/}1485|3330) 60/195 /260/400 
215| 730)1580|3705) 55/165 /|260 430 
205) 885/1610/3605) 50/170 1240/3885 


| 
210) 820/1560/3550) 55/175 /255 


10516.1 610.910.5/|2.710.810.610.4) 6.1/2.0)1.010.5/2.910.70.710.4 


mixing the dry portions of the mortar in an enameled pan by hand, the 
water was added and the mixing continued for one minute. The 
mortar was then put in the molds, placed upon a glass plate, and the 
whole given 15 one-eighth inch drops on a small flow table. A little 
more mortar was then heaped on that already in the molds and after 
standing for half an hour in the laboratory (at 70° ~3F. and60 © 5 
per cent relative humidity), the molds were troweled off, glass plates 
placed on top, and then one-half of the specimens placed in the water 
of one of the boilers prescribed by standard cement specifications for 
determining the soundness of cement, and the other half on the racks 
in the boiler immediately above the water. The water was then 
brought to boiling in the course of one hour and kept boiling for 16 
hours. Then boiling was discontinued, the lid taken off, and when the 


contents could be handled readily they were removed. The specimens 


were removed from the molds at 24 hours and those not requiring the 
24 hour tests placed in the storage tank at 70° *3 F. until tested. A 
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set of specimens was also made which after molding was placed in a 
damp closet for 24 hours and then in water until broken. 


During the period between molding and the placing of the specimens 
in the boiler, in some cases as much as 1 ml. of water seeped out between 
the base of the mold and the glass plate on which they rested. How- 
ever, the consistency and the character of the cements were such that 
the mortars retained the water unusually well. 

DISCUSSION 

The data in Table 1 give the results of all the specimens made and 
tested. The high 24-hour strength of those having had the 212° F. 
treatment is very striking when compared with the strength of the 
corresponding mortars hardened for the first 24 hours at 70° F. Just 
as striking is the fact that there is but slight gain in strength with age 
shown by the mortars whose hardening took place at the higher tem- 
peratures. At 28 days the strength is but little higher than that at 
24 hours. This is also shown by the ratios given in Table 1 between 
the strengths produced by either of the early high temperature harden- 
ing and the 70° F. hardening at all ages. These ratios also render 
significant the fact that such hardening develops the early compressive 
strengths to a greater degree than the tensile strengths. In this rather 
minor study no specimens were made for test after 28 days, and, there- 
fore, what the results would be at later ages is but a matter of specula- 
tion. 

Note the results from the specimens made of cement B and com- 
pare the strengths with those developed by cement C-——the high early 
strength portland cement. When hardened for the first 24 hours at 
the higher temperatures, the average strength of the former in tension 
at all ages was higher than the latter, and in 5 cases out of 8, it was also 
higher in compression; yet when the mortars of the former were 
hardened at 70° for the first 24 hours, they developed about one-third 
the strength of the latter in tension, and about one-quarter of the 
latter in compression at 24 hours, and at all other ages they were 
materially lower in strength. At the higher temperatures cements A 
and D gave strengths lower than B or C. 

Whether the treatment at the higher temperature took place in 

ater or steam did not make a marked difference in tensile strength 
for any of the cements, but the steam treated cubes of cements A 
and B were decidedly higher in compressive strength than those sub- 
jected to water at 212° F. 


The percentages of the different constituents present in the several 
cements do not offer any striking explanation of the physical properties. 
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Cement B is decidedly lower in 3CaO.Al,0; than any of the other 
cements and also somewhat higher in 4Ca0.AloO3.Fe.O;. The 3Ca0O. 
SiO, content of all, as indicated before, varies less than the 2CaO.SiO-2 
content. The calculated 3CaO.SiO. content of A is lower than D, 
although it generally has a markedly higher strength. Also the con- 
stitution does not explain why the several cements may or may not 
be affected differently, depending upon whether hea’ed to 212° F. 
in water or steam. However, too finely drawn conclu .ons should not 
be made from so few data. 


TABLE 2——CHEMICAL ANALYSES 


Cement “A” Cement “B" Cement “C” Cement ““D”’ 
SiOe2 20.2 21.7 19.0 20.3 
AleOs 6.7 1.6 6.2 6.4 
Fes: 3.1 3.8 2.5 3.0 
Ca) 64.8 65.7 64.8 65.3 
MgO Ry 0.8 3.4 1.¢ 
SO 2.0 1.4 1.9 1.6 
Ig. loss By 1.5 2 0.4 
Per Cent of Constituents Calculated from Chemical Analyses 
Free CaO 0.7 0.0 0.3 0.¢ 
CaSO. 3.4 2.4 3.2 2.7 
3CaO SiOe 53.5 63.0 68.0 61.¢ 
2CaO SiOe 17.0 15.0 1.0 2. 
#1CaO.AleOa. Fes 9.4 11.5 7.6 9.1 
3CaO.AleOs 12.5 8 12.2 12.0 
RESUMI 


Although in this brief study of accelerated hardening of mortars 
made from several cements at the boiling point of water, only atmos- 
pheric pressures were used, the results show that the editor’s query 
was apropos. The data show that different cements react quite 
differently in degree of hardening. If one intended to harden cement 
products by such methods, it would appear that some preliminary 
work should first be carried out to determine whether the cement 
whose use is contemplated would react favorably enough to such 
methods to justify its use. Between cement B, at average normal 
cement prices, and © at the price of high early strength portland 
cement, there could be no doubt as to the saving in the use of the 
former. Further it should be noted that the high temperature treat- 
ment is only effective for the early ages; even 7 days normal harden- 
ing may give better results than high temperature hardening. It should 
also be borne in mind that the comparisons here made are only on a 
strength basis. The study did not include observations on the effect 
of such an equally important factor as volume change, or the economies 
that may result through ability to market products within three days 
after making. 


Readers are referred to the JourRN au for Oclober 1932 (Vol. 29) for discussion| which 


may develop. Such discussion should reach the Secretary by August 1, 1932 





Srupies OF HIGH-PRESSURE STEAM CURING* 


BY J. C. PEARSONT AND E. M. BRICKETT{ 


Some 20 years ago the Bureau of Standards reported the results of 
an investigation! showing that mortar and concrete cured in steam at 
80 lb. pressure attained a compressive strength in two days which 
was higher than that attained in 28 days to 6 months of normal cur- 
ing; that the strength and rate of hardening increased with increase 
in pressure and time of exposure to steam, and that concrete so cured 
was lighter in color and more uniform in appearance than concrete 
cured at ordinary temperatures. In view of these promising indica- 
tions it is difficult to account for the fact that in all these years so lit- 
tle interest has been displayed in the commercial possibilities of high- 
pressure steam curing of concrete products. We are aware that one 
department of a large corporation had the vision to see these possibili- 
ties, and has profitably employed high-pressure steam curing in the 
manufacture of a special concrete product for more than 15 years, but 
in general, the value of the indications of the Bureau’s investigation 
seems to have been lost sight of. Subsequently there seems to have 
been little or no further systematic study of the subject, and aside 
from a limited number of experiments in connection with the effect of 
steam curing on the alkali resistance of mortars, nothing attracted 
much attention until Woodworth’s report in 1930 of tests on the steam 
curing of concrete blocks at a commercial plant in Dayton, Ohio.? 

This, with Allan’s report on the shrinkage characteristics of 
concrete masonry,* confirming the original findings of the Bureau of 
Standards, and contributing the further valuable information that 
the volume change behavior of concrete blocks is greatly improved 
by high-pressure curing, served to stir up an interest in the subject 
that may be expected to continue until the advantages and disadvant- 
ages of the process in products manufacture are fairly well established. 

*Presented at the 28th Annual Convention, Washington, March 1-4, 1932. 

tDirector of Research, Lehigh Portland Cement Co 

tEng. of Testa, Research Division, Lehigh Portland Cement Co 

‘The Effect of High-Pressure Steam on the Crushing Strength of Portland Cement Mortar and 
Concrete, by R. J. Wig; Technologic Paper No. 5, Bureau of Standards, Sept. 5, 1911, 

‘Some Tests of Concrete Masonry Units Cured with High-Pressure Steam, by P. M. Woodworth; 
A.C. I. Jounnat, Feb. 1930, Proceedings, Vol. 26, pp. 504-512 


‘Shrinkage Measurements of Concrete Masonry, by W. D. M. Allan. A. C. I. Journnat, April 1930, 
Proceedings, Vol. 26, pp. 699-713, also Nov., 1931, Proceedings, Vol. 28, pp. 177-185 
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SCOPE OF THE PRESENT INVESTIGATION 


About a year ago the authors began preparations for experimental 
work in this field, and bearing in mind the practical aspects of high- 
pressure curing, it seemed that a more complete exploration of the 
effects of time and pressure, particularly in the region above 80 p.s.i., 
should be first undertaken. This procedure was suggested not only 
by the practical problem of securing the best results consistent with 
cost of operation, but also by the desirability of setting up definite con- 
ditions under which the effects of different variables, such as the types 
and proportions of materials used, could be later studied without 
covering a large range of pressures and periods of steaming. Accord- 
ingly the main objective in the preliminary studies reported herewith 
was to determine the effects of pressure and period of steaming over 
what might be considered the practicable range in plant operation. 


In addition, a number of cements of different characteristics were 
selected for these tests, but the question of the effect of soundness 
was side-stepped in this preliminary investigation, and only cements 
were used which were known to pass the so-called autoclave test. 
The capacity of our equipment was such that a few additional variables 
could be included, such as proportions, consistency, etc., but these were 
more or less incidental, and the data obtained do little more than af- 
ford suggestions for further experimentation. 

Owing to the limited scope of this investigation and the shortness 
of the time available for preparation of this report, the authors pre- 
sent no definite conclusions, but limit themselves to a discussion of 
the data obtained and of some speculative ideas which have occurred 
from brief study of the data. In fact the only justification for such 
an incomplete report at this time is the incentive it may offer to fur- 
ther researches of like nature, and particularly to the inauguration of 
plant studies, where the answer to the vital question of real or appar- 
ent economy must be sought. 


OUTLINE OF PROGRAM 


As stated, the chief purpose of this preliminary investigation was to 
determine the effects of steam curing at different pressures and for 
different periods of exposure. The original selection of pressures was 
75, 100, 125, and 150 p.s.i., and of exposures 18, 30, 42 and 66 hours. 
The latter were selected mainly for convenience and required no atten- 
tion outside of regular laboratory hours except for the 30-hour period. 
This time schedule was adhered to without change except that 12-hour 
runs were made at the two highest pressures. In all cases these 
periods refer to the length of time for which the test specimens were 
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exposed to the full temperature and pressure of steam, and do not in- 
clude the heating up period nor the time required to lower the pres- 
sure to atmospheric at the completion of a run. After completion of 
the first series tests at 75 lb. pressure, the gauge was found to be con- 
siderably in error and was corrected before the second series at 150 
lbs. was started. Upon completion of this second series the thought 
occurred that equalization of temperature intervals was perhaps more 
logical than that of pressure intervals, and a brief examination of the 
steam tables indicated that our pressure control equipment would 
cover four nearly equally spaced temperatures of which the first and 
third were those of the first two series. Also the fact that the actual 
steam pressure was somewhat uncertain due to a small residue of air 
in the autoclave, induced us to operate by the thermometer rather 
than by pressure gauge. As a matter of record the temperatures em- 
ployed, with the corresponding pressures, were as follows: 


Temperatures Gauge Pressures, p.s.i. 
. a Indicated Observed 
315 157 68 69 
340 171 103 105 
365 185 148 150 
387 197 197 202 


The characteristics of the cements used are shown in Table 1, and of 
the different mixtures in the notes at the beginning of Table 2. In this 
table the letter C is prefixed to those mixture numbers in which the 
cement was the only variable, and in which the concrete was our labora- 
tory standard mixture regularly used in testing our own mill products. 
Variations from this mixture in consistency and proportions are also 
indicated in the notes of Table 2. All specimens were fabricated, 
stored and tested in accordance with standard A. 8. T. M. require- 
ments except for the steam treatment as indicated. All mixtures 
were made 24 hours in advance of steaming in batches of sufficient 
size for molding six 3 x 6 in. cylinders, only three of which, however, 
were steamed at the age of 1 day. The remaining 3 were left in the 
damp room for varying periods up to 8 days and were usually steamed 
with 1-day cylinders of the next following run. Thus a large number 
of cylinders received preliminary curing in the damp room for periods 
ranging from 3 to 8 days before steaming. The purpose of this was 
to determine whether delayed steaming had any noticeable effect on 
the strength, which could be determined by comparison with the 1-day 
old cylinders steamed at the same time. Not all the extra cylinders 
were used for this purpose, however, as the extras from 6 complete sets 
were left in the damp room for the usual 7- and 28-day tests. After re- 


moval of the specimens from the autoclave on completion of the 
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steaming treatment they were allowed to cool in the laboratory air 
and were tested in air-dry condition and usually on the day following 
removal from the autoclave. 


SPECIAL EQUIPMENT 


The autoclave used in this investigation was built in our machine 
shop from second-hand materials, and is shown in Fig. 1 and 2. The 
body of the tank is an old steam header, 15 in. inside diameter and 48 
in. long, having heavy flanges on both ends, and fitted with steel cover 
and welded bottom. There is a thermometer well in the wall of the 
autoclave about 8 in. above the bottom. Heat is supplied by six 550- 
watt electric flat iron units held in place against the bottom. These 
units can be replaced easily as the autoclave is supported on three 
short steel legs anchored in the concrete floor. Each unit has its 
own leads, switch and fuse and can be operated independently of the 
others. One of the units is controlled by a mercoid switch operated by 
the autoclave pressure which can be set quickly at any point between 
50 and 200 lb. pressure. The operation of this automatic switch 
has been very satisfactory, controlling the pressure within about 1 p.s.i. 
at any given pressure setting. Possibly some of the credit for this 
close control is due to good insulation of the autoclave, which is such 
that radiation losses at the highest temperature amount to about 
1500 watts—in other words, this is the amount of power required to 
hold the autoclave at a temperature of about 200° C. under ordinary 
room conditions. 

In operation the autoclave contains water to a depth of about five 
inches and the specimens rest on a carrier (Fig. 1) supported above the 
water, so that they are wholly exposed to saturated steam. After clos- 
ing the autoclave and placing the insulated hood over the cover (Fig. 
2) the system is slowly heated with all units operating. Approximately 
2 hours are required to remove the air from the autoclave. This is 


TABLE 1—CHEMICAL CHARACTERISTICS AND FINENESS OF CEMENTS 
(See notes of Table 2 for additional information) 





Cements: Cl C2 C4 C6 C7 C2185B 
SiOz 19.50 19.00 22.20 21.88 18.42 
Fe20s 2.34 2.46 2.02 2.16 2.44 
AlsOa 6.48 6.82 6.06 6.12 7.18 
CaO 63.10 61.83 64.14 63.89 64.30 
M 3.44 3.27 2.88 2.93 3.45 
SO: 2.36 2.42 1.53 1.67 2.41 
Loss 2.22 3.61 0.72 1.05 1.08 
Insol. 0.30 0.11 0.07 0.12 0.13 
40 mu. 85.2 88.7 62.0 74.9 63.6 83.2 
20 mu. 54.0 60.0 33.0 42.0 31.4 46.2 

20.2 13.2 21.4 


10 mu. 
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accomplished by allowing air and steam to escape through a valve and 
pipe dippinginto a graduate filled with water. The valve is then closed 
and about 4 hours are allowed for bringing the autoclave and its con- 
tents up to the desired temperature. At the end of the curing period 
the heating units are shut off and the pressure is released at such a rate 
that atmospheric pressure is reached at the end of 1 hour. The auto- 
clave is then opened and the specimens removed. 


MATERIALS 


Not much need be said regarding the cements and aggregates used, 
in addition to the notes of Table 2. The Delaware river sand and 
gravel were used almost entirely throughout the series. Two types of 
marble aggregate used in a small number of specimens gave peculiar 
results, and will be referred to later. 


RESULTS OF THE PRELIMINARY INVESTIGATION 


Effects of Pressure and Temperature. The general results of the 
effect of high-pressure steam curing are given in Table 2. They con- 
firm the conclusions of the Bureau of Standards and indicate that 
high strength may be expected of 2-day old concrete, especially if 
cured at pressures above 100 p.s.i. or at temperatures above 350° F. 
It is understood of course that we may define the steam treatment 
either by pressure or temperature, provided we refer to saturated and 
not super-heated steam, and provided there is no air in the steam. 





Fic. 1 AND 2——THE AUTOCLAVE USED IN THIS INVESTIGATION 
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TABLE 2—COMPRESSIVE STRENGTHS OF CEMENT MIXTURES 


All mix numbers bearing the prefix C (signifying that cement is the only variable in these mixes) are 
of 1:1.9:2.8 proportions, dry and rodded; aggregates Delaware river sand and gravel, 0—% in.; net 
w/c approximately 0.80; flow 70; slump 5 to 6 in. Cements Cl and C7 are Lehigh Valley brands; 
C2, C2185A and C2185B high early strength cements; C4 selected as a low alumina cement, but not 
found to be particularly low; C6 the same as C7 but reground. 


Mixes 8 to 12 are all made with cement C7, but vary in proportions and consistency. No. 8 is the 
same as No. 7, but gauged to 30 flow, net w/c 0.70; No. 9, 1:1:2 mix, net w/c 0.56, flow 70; No. 10, 
1:3:4.5 mix, net w/c 1.21, flow 70; No. 11, 1:8 dry tamped block mix, sand and pebbles, 0—% in., 
cement content equivalent to 3.6 lb. cement per 8 x 8 x 16in. block with 40 per cent core space; No. 12, 
neat paste, w/c 0.42. Nos. 30 to 33, incl., are cast stone mixtures, 1:5 by weight, marble aggregates, 
O—% in. Nos. 31, 32 and 33 are the same as No. 30 except for the addition of pigments. 


All specimens were fabricated, capped with cement paste, and stored in damp room for 24 hours 
before steam curing. Specimens not steam cured remained in damp room for 7 or 28 days, and were 
tested in damp condition. All steam cured specimens were tested in air dry condition on day following 
removal from autoclave. 


Each value in table is average of 3 companion tests on 3 x 6 in. cylinders, compressive strength in 
p.s.i. 





High Pressure Steam Curing Damp Room Curing 
Period of Steaming, Hours Age at Test, Days 
| 
Mix No. {| 12 18 30 42 66 Yj 28 
| 
| Pressure 68 p.s.i. (315° F.) 
Cl 2660 3970 5480 5930 5280 6340 
C2 | 3330 3850 5040 5450 5480 6200 
C4 3550 4890 5470 6010 2740 5080 
C6 3540 5360 6520 7160 3700 5650 
C7 3460 4800 5760 6250 2560 5080 
8 | 4580 5620 6760 6710 3260 6280 
9 | 6130 5260 5490 5560 5050 7680 
10 1590 3990 4210 4320 840 1940 
11 2320 3560 3050 3350 820 1730 
12 | 8430 11240 13900 
Pressure 108 p.s.i. (340° F.) 
Cl | 5350 6670 7140 7090 
C2 | 5120 5930 5470 5240 
C4 | 4760 5930 6670 7170 (Same as above for 
C6 | 6800 7120 7740 7860 Mixes C1 to 11). 
C7 | 5580 6360 7160 7430 
8 6050 7010 7910 8350 
9 5870 6280 6280 7190 
10 3770 3960 4290 4760 
ll | 3100 3460 3630 3980 
30 1220 2640 4020 
31 1150 2660 4260 
32 1100 2550 4080 
33 } 1240 2480 4600 
C2185A | 4500 3980 
C2185B 5940 4080 
Pressure 148 p.s.i. (365° F.) 
Cl | 6600 6780 6750 7500 7240 
C2 | 5950 5760 5680 6360 7090 
C4 | 6220 5630 6170 7150 7200 (Same as above for 
C6 | 6920 7170 7630 8510 8460 all mixes.) 
C7 | 5680 6030 6520 7160 7340 
8 | 6410 6630 7410 8230 8620 
9 | 6970 6360 7090 7610 8160 
10 | 3640 4100 4160 4500 4670 
ll | 3200 3140 3410 3820 2900 
C2185A | 5040 
C2185B | 4610 
Pressure 197 p.s.i. (387° F.) 
Cl 6980 6970 7250 7600 
C2 5650 6000 6480 7030 
C4 | §510 5730 6380 6790 (Same as above for 
C6 6850 6980 7370 7740 all mixes.) 
C7 | 5880 6110 6370 6760 
8 | 6670 7030 7210 7910 
9 6770 7090 7270 7490 
10 3910 3680 4060 4430 
ll 2790 3060 3900 3030 
C2185A 5240 5740 


C2185B 5240 6510 
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Just what part pressure alone plays in the acceleration of concrete 
strength is not known, but its effect is probably mechanical and com- 
paratively insignificant. The two major factors are heat and moisture. 
In the practical utilization of high pressure steam curing, pressure is a 
definite function of temperature if the curing chamber is filled with 
saturated steam. 

The average strengths of all the concretes made with cements C1 to 
C7, inclusive, are shown in Fig. 3. Evidently there is a gain in strength 
with pressure for any period of curing up to at least 150 lb. pres- 
sure. There seems to be little advantage in steaming at higher pres- 
sures than 150 lb., unless it should be found at periods of steaming 
less than 12 hours, the shortest time covered by these tests. 


It is seen from the tables and diagrams that compressive strengths 
of what may be called ordinary concrete (0.8 w/c) of the order of 
6000 to 7000 p.s.i. can be attained easily by steaming for 18 hours or 
longer at pressures of 100 p.s.i. or higher. Steaming at pressures below 
100 lbs. does not develop this high level of compressive strength 
unless the curing periods are considerably extended. 


Effect of Time of Steaming. The relation between strength of concrete 
and period of steaming is shown in Fig. 4 to be similar to the relation 
between strength and pressure. In general the curves indicate that 
equivalent strengths may be obtained by curing for a short time at 
high pressure, or for a longer time at a lower pressure. Also, just as 
no marked gain in strength was obtained by steaming at pressures 
higher than 150 lb., so there is little gain by steaming longer than 42 
hours, except possibly at pressures considerably below 100 lb. From 
the point of view of possible plant operation, it would seem more 
economical to shorten the time by use of high-pressure equipment, 
but for any given boiler capacity above 60 lb. pressure the curves of 


Fig. 4 indicate what relative strength can be expected for different 
periods of curing. 


Effect of Type of Cement. All the cements used in this investigation 
gave satisfactory results with high-pressure steam curing. However, 
there were some differences in strengths attained by the different 
cements. These may be most easily examined by reference to Table 1 
and Fig. 5, which show the relation between compressive strength and 
period of steaming for the individual concrete mixtures under a steam 
pressure of 150 lb. This diagram is typical of those for other pres- 
sures, except that the strengths attained at lower pressures are lower, 
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particularly for the shorter periods of curing. Curves Cl to C7 in- 
clusive, show the strengths attained with similar concretes made with 
different cements. Curve C2 is that for a high-early-strength cement, 
and it is seen to lie below the average of the group. Curve C1 is that 
for a cement not rated as high-early-strength cement, but nevertheless 
nearly on a par with C2 when judged by 7- and 28-day strengths in 
damp room storage. In every test, however, it attained higher strength 
under steam curing than C2. Curve C4 is that of a supposedly low- 
alumina cement, but the alumina is not particularly low. Curve C7 
is that of a typical Lehigh valley cement. Curve C6 is for the same 
cement as C7, but more finely ground. Its steam cured strength is 
consistently close to the maximum at all pressures and periods of cur- 
ing covered by this investigation. Cements C2185A and C2185B, both 
high-early-strength cements, were tested only at the 12-hour period. 
Their steam cured strengths are comparatively low. 


In Fig. 3 and 4, respectively, it will be noted that the 66-hour cur- 
ing period shows little or no advantage over the 42-hour period and 
the 197-lb. pressure shows no material advantage over the 148-lb. 
pressure. These observations give rise to the thought that possibly 
the high pressure steam curing is actually bringing out the full potential 
value of the cements. However, the strength gain shown by C6 over 
C7 due only to a considerable increase in fineness (see Table 1) would 
not seem to justify this supposition . It is interesting also to point out 
that cement C2 and cements C2185A and B, which represent two types 
of high-early-strength cement now on the market, do not give as favor- 
able results as some of the so-called normal portlands. While no con- 
clusions are drawn from the above observations the results seem to 
show that the performance of a cement under conditions of high-pres- 
sure steam curing cannot be judged from its action under normal con- 
ditions of curing. 


Effect of Consistency. These tests afford only one comparison of the 
effect of consistency in which consistency is the only variable. Mixes 
No. 7 and No. 8 were of medium and stiff consistencies, respectively, 
and the strength of Mix No. 8 is from 10 to 20 percent higher 
than that of No. 7 throughout the entire series. This indicates that in 
this type of concrete, the lower water ratio has the same relative effect 
that it has under normal curing conditions. 


Effect of Cement Content. The effect of richness of mix under high- 
pressure steam curing is not the same as under normal curing. This 
may be seen by examining the data for mixes No. 7 to 12 in Table 3, 
which record the strengths obtained by steam curing at 68 lb. steam 
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TABLE 3—EFFECT OF CEMENT CONTENT ON STRENGTH OF STEAM CURED CONCRETE 





Cement Compr. Str. Strength per 
7 Space-Cement Content (Cured at 68 Lb. of Cement, 

Mix No. Proportions Net W/C Ratio Lb. Per Cu. Ft. p.s.i., 30h.) Per Cu. Ft. 
7 1:1.9:2.8 0.78 2.71 21.7 4800 221 
8 1:1.9:2.8 0.70 2.60 21.9 5620 257 
9 1:1:2 0.56 2.19 31.4 5260 168 
10 1:3:4.5 1.21 3.67 14.2 3990 281 
ll 1:8 1.00 5.20 10.7 3560 333 
12 Neat 0.42 1.89 104.5 8430 81 








pressure for 30 hours. This was the only run in which a test was made 
of neat cement cylinders at the age of 24 hours. In the last column of 
the table are given the strengths of the various mixtures per pound of 
cement per cubic foot of concrete—which may be taken as a measure 
of cementing efficiency, as the same cement (No. C7) was used in all 
cases. It is observed that the cementing efficiency is very nearly inverse- 
ly as the richness of mix. If this factor is computed for the higher 
strengths obtained by curing at higher pressures, the values will be higher, 
and it will be found that the factors for the mixtures leaner than mixes 
No. 7 and No. 8 tend to be of about the same order of magnitude. This 
suggests that the cement in a mixture to be steam cured must have a 
certain amount of room for the larger volume of its hydration products. 
In other words the space-cement ratio, or, if there is no air in the mix- 
ture, the water-cement ratio, must not be reduced beyond a certain 
value, otherwise accelerated hydration of the cement will produce in- 
ternal stresses and the strength will be lower than it should be accord- 
ing to the commonly accepted water-cement ratio relation. For ex- 
ample, the strength of mix No. 9 is with few exceptions distinctly be- 
low that of mix No. 8 when cured in high pressure steam, whereas its 
normally cured strength is much higher. These facts indicate that the 
space-cement ratio for concrete cured in high pressure steam should 
not be lower than 2.25, or that the water-cement ratio should not be 
lower than about 0.6. On the other hand, the fact that mix No. 8 
attains higher strength than mix No. 7 under all conditions covered by 
these tests suggests that a space-cement ratio of 2.5 or higher will 
develop the full value of the accelerated curing. In the case of the neat 
cement mixture, for which the space-cement ratio is less than 2, it is 
interesting to note that the accelerated strength is very considerably 
lower than the 7-day strength with damp room curing. 


Effect of Age before Steaming. It was stated earlier in this paper that 
several sets of cylinders of the various mixtures were kept in the damp 
room for periods varying from 3 to 8 days before steaming, to deter- 
mine the effect of delayed steaming. The data from these tests are 
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not tabulated here but are summarized in Fig. 6. In this diagram the 
strength developed by delayed steaming is plotted against the strength 
developed by steaming when the specimens were 1 day old. It will 
be observed that the ratio of the former to the latter bears no definite 
relation to period of damp room curing, but there is a well defined 
tendency for those specimens having the higher strengths to benefit 
by the extra damp room curing, and for those having the lower 
strengths to be slightly penalized by damp room curing. Since the 
higher strengths are due mainly to higher temperatures and longer 
periods of steaming, it was anticipated that prior damp room curing 
would be less beneficial to the high strength specimens, and no expla- 
nation of the observed results has suggested itself. However, the pur- 
pose of these tests was to determine whether delayed steaming, which 
might frequently occur in a products plant employing this process, 
would be any detriment to the product. The indications are that the 
strength is not seriously affected in any case, but that there is possibly 
a premium on the completeness of the steam curing when specimens 
are not steamed until several days after making. 


Effect of Type of Aggregate. Some disturbing results were obtained 
with marble aggregates in the steam curing tests. Perhaps it would be 
wiser, in view of the incompleteness of these tests, to say nothing about 
them at this time, but the behavior of the marble aggregate specimens 
in high pressure steam, if confirmed by later experiments, is of such 
importance that the authors prefer to present what data they have 
for contemplation and discussion. 

Mixtures Nos. 30, 31, 32 and 33 were lean cast stone mixtures con- 
taining white dolomitic marble aggregate, 0—*%< in. They were of the 
same proportions, No. 30 containing only cement and marble, the 
others containing different pigments. When these specimens were re- 
moved from the autoclave some of the caps were loose—the only 
specimens on which this had occurred up to this time. No particular 
thought was given to this irregularity, however, until in grinding the 
ends to plane surfaces it was noticed that the concrete was compara- 
tively soft and lifeless. This condition was confirmed by the low values 
of compressive strength given in Table 2, whereas previous tests had 
led us to expect strengths of at least 5000 p.s.i. The aggregate was 
tested for organic matter with negative results, but some physical ab- 
normality was suspected when satisfactory 7-day strengths were ob- 
tained from the specimens stored in the damp room. Small 1:2 mortar 
bars were then made up, both with Delaware river sand and marble 


aggregate of the same grading. These bars were submitted to a 





j 
I 
{ 








548 JOURNAL OF THE AMERICAN CONCRETE INsSTITUTE— Proceedings 


1-hour exposure in a small autoclave at 200° C., and the marble aggre- 
gate bars were found to have expanded about 50 per cent more than 
the bars containing sand. 


A calcite marble was then used in similar tests, and essentially the 
same results were obtained. An inquiry was then made of our friend 
Mr. Loughlin, of the U. S. Geological Survey, and quite recently a 
reply was received stating that under the elevated temperatures in the 
presence of steam, there was probably a chemical reaction between 
the water and the calcium carbonate which might account for the be- 
havior. This possiblity was confirmed by an autoclave test on a bar 
of Indiana limestone, which after exposure to steam at 200° C. for 1 
hour, showed an expansion of 0.12 per cent. At this time further tests 
are under way with various limestone and other aggregates, the re- 
sults of which it is hoped will be available for later presentation. 

GENERAL DISCUSSION OF RESULTS 

The results of this preliminary investigation have in general con- 
firmed the results of previous studies in showing that a remarkable 
acceleration in the rate of strength and hardening of concrete can 
be secured by high-pressure steam curing. The results indicate that 
similar strengths can be developed by curing at a high pressure for a 
short time, or at a lower pressure for a longer time, but they suggest 
some advantages other than saving of time in curing at pressures above 
100 p.s.i. 

The type and fineness of the cements used have an influence on the 
strengths attained by high-pressure steam curing, but judging from 
the limited number included in this investigation, the differences in 
strength-giving qualities are not as large nor necessarily in the same di- 
rection as would be indicated from damp curing at normal tempera- 
tures. On the other hand the “‘soundness’”’ of the cements may be an 
important factor in their behavior when exposed to high-pressure 
steam. 


The effect of richness of mix and water cement ratio do not seem to 
be the same for high-pressure steam cured concrete as for normally 
cured concrete, unless the concentration of the cement in the voids of 
the aggregate is low enough to allow the expansion of the cement result- 
ing from the accelerated hydration to develop without setting up dis- 
ruptive stresses. The tests indicate that the water ratio should not 
be much lower than 0.6 for concrete to be cured in high-pressure 
steam, or more generally, that the space-cement ratio should not be 
less than about 2.25. 
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There is nothing in these tests to indicate that consistency is an im- 
portant factor in concrete to be steam cured, provided the cement has 
room enough for action as indicated in the foregoing paragraph. The 
“cementing efficiency” in dry tamped and lean mixtures seems to be 
fully as high as in the plastie concretes. 

No extended studies of aggregates have been made, but single 
samples of high caleium and dolomitic marbles were found to expand 
appreciably in high-pressure steam, to such an extent that they may 
prove to be unsuited for concrete to be cured in this manner. This 
peculiarity may be common to limestones, and possibly to other cal- 
careous aggregates. Our experience with these materials suggests 
that aggregates, as well as cements, need special tests beyond the re- 
quirements of existing specifications, before they can be assumed to 
be satisfactory for concrete to be cured in high-pressure steam. 

Notwithstanding the extra precautions that may be necessary in 
producing steam cured concrete, there seem to be excellent possibili- 
ties in the process that should be attractive to manufacturers of con- 
crete products. While there is much more to be done in the laboratory 
on the evaluation of various factors, enough information is available 
on which to base plant experiments, and these will have to be made in 
any event, before it can be assumed safely that a given product will 
be the better for high-pressure steam curing. Some of the possible 
advantages from this method of curing are as follows: 

1. Higher quality products, in strength, uniformly lighter color, 
and stability in regard to volume changes, with elimination or mini- 
mization of resultant defects such as crazing, cracking, ete. 

2. Completely cured products in 48 hours or less, after making, 
eliminating necessity for large stocks and storage space, and permitting 
prompt shipments on special orders. 

3. Control of such properties as porosity, nailability, ete., which 
are practically impossible of control under the usual processing. 

t. Economy in cement. 

The chief disadvantages are as follows: 

1. Considerable investment in high-pressure equipment. 

2. Somewhat higher cost of curing. 

3. Some restrictions in the use of materials ordinarily considered 
satisfactory for concrete. 

Some of the factors which need further investigation are the follow- 
ing: 


1. The effect of soundness of cements in relation to the condi- 
tions under which they may be used in steam cured products. 
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2. Data on the practical limits for space- or water-cement ratios. 

3. The behavior of various types of aggregate in high-pressure 
steam. 

4. The effect of rate of heating in relation to the size of steam 
cured specimens. 

5. The effect of period and pressure of steaming, particularly at 
periods less than 12 hours. 

6. The effect of age before steaming, particularly of ages less than 
24 hours. 
7. Determination of the degree of stabilization of volume changes 
in the cured concrete, particularly with reference to shrinkage and the 
fluctuations of expansion and contraction with temperature and 
humidity change. 

8. Assurance that the remarkable accelerat’on in strength and 
hardness of high pressure steam cured products has no undesirable 
after effects in relation to strength, stability and durability. 


Readers are referred to the JouRNAt for October 1932 (Vol. 29) for discussion which 
may develop. Such discussion should reach the Secretary by August 1, 1932. 








EFrFrect OF MORTAR STRENGTH AND STRENGTH OF UNIT ON 


THE STRENGTH OF CONCRETE MASONRY WALLS* 
BY R. E. COPELAND AND A. G. TIMMST 


In the design of load-bearing masonry walls a number of factors 
must be considered among which are the strength and other character- 
istics of the mortar and units. Mortars used in masonry construction 
vary widely in strength. Published data on the effect of mortar strength 
on the strength of clay brick and tile walls indicate that strength of 
mortar is an important factor in wall strength. Knowledge of the 
performance of concrete masonry walls under load has been lacking 
until recently when much valuable information was developed in wall 
stability tests at the University of Illinois' and in the fire resistance 
tests of the Research Laboratory of the Portland Cement Association.’ 

In view of the importance of the problem to engineers, architects, 
and those engaged in making building code revisions, it was considered 
desirable to extend the information available by further studies of the 
effect of strength of mortar and unit on the strength of concrete 
masonry. Accordingly the investigation here described was carried 
out in the Research Laboratory of the Portland Cement Association. 


SCOPE OF TESTS AND TEST METHODS 


The investigation comprised tests on 108 concrete masonry wallettes 
laid up with six different mortars which ranged in strength from about 
150 to 4800 lb. p.s.i. and in cementitious material from 100 per cent 
high calcium hydrated lime to 100 per cent portland cement. The 
units, which were of 3-oval-core design, ranged in strength from 320 
to 4180 p.s.i. To extend the range of usefulness of the results in 
the conerete masonry field, one other variable, type of aggregate, 
was included. 

A total of 1500 8 x8 x 16-in. 3-oval-core block of at least three 
different strengths were manufactured from each of three different 


*Presented at the 28th Annual Convention, Washington, D. C., March 1-4, 1932. 

+Respectively, Technical Engineer, Cement Products Bureau and Associate Engineer, Research 
Laboratory. Portland Cement Association. 

\*Tests of the Stability of Concrete Masonry Walls "’ by Richart, Woodworth and Moorman; Pro- 
ceedings, American Society for Testing Materials, Part II, p. 661, 1931. 

‘Tests of the Fire Resistance and Stability of Walls of Concrete Masonry Units,” by C. A. Menzel; 
Proceedings, American Society for Testing Materials, Part II, p. 607, 1931. 
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aggregates and erected into wallettes 481% in. high. Twenty-eight 
days after erection, compression tests were made on the wallettes, on 
the individual units, and on specimens of the mortar with which the 
units were laid up. A general outline of the tests is as follows: 








Dimensions of | Mortar Mix, 
No. of Wallettes, Inches Strength Kind of by Volume 
Group | Wall- Thick- | Length | Height (of Units, Aggregate Ce- Lime Damp, 
ettes ness p.s.i. ment Loose 
| Sand 
Al 10 | 8 32 4816 320 Sand & Gravel 
2 10 Ss 32 48l6 680 Pas ‘ce 
3 10 } 8 32 48l6 1900 
l 0.24 3 
Bl 10 8 32 4814 530 Haydite 1 1 4 
2* 10 s 32 48 he 840 sj 1 1 6 
3 mr} se 32 48% | 1530 ‘ i 1 2 9 
| 0 l 3 
Cl 10 S 32 484 550 Cinders 
2 0 | 8 32 | 48% 890 ” 
‘ 10 | 8 32 48l6 1170 
D1 | 6 8 16 484 960 | Sand & Gravel 1 0.24 3 
2 6 8 16 4814 2350 ae. 1 l 4 
3 6 | Ss 16 481, 4180 _ x. ~ 1 0 | 2 





*Units for this group purchased from local dealer. we: ; 
For each of the groups, compression and absorption tests were made on the individual units and on 
2-in. cubes and 2 by 4-in. cylinders made from each type of mortar. 


Manufacture of Units. The cement for both mortars and units consisted of a 
mixture of equal parts of four brands of portland cement purchased in the Chicago 
market. The aggregates, from local dealers, were in two sizes and recombined to 
give the desired proportions. 

The units, except those in Group B2, were made in the laboratory. The Haydite 
units in Group B2 were of the same size and type as the other units and were pur- 
chased from a local manufacturer. The fine and coarse aggregates and cement were 
accurately weighed in proportions to give the desired strength range and surface 
texture. The amount of water to add at the mixer was determined by trial in the 
first batch and was held constant in succeeding batches for any given strength of 
unit and type of aggregate. The materials were mixed in a paddle type mixer for 
one minute dry and four minutes wet. The block were tamped in three layers in a 
power-tamper, hand-stripper machine, allowing each of the four tamper feet to 
strike each layer three times. 

Immediately after molding, the blocks were stored on racks in a moist chamber 
and cured five days in a saturated atmosphere (100 per cent relative humidity) at a 
temperature of 70°F. Following the moist curing period, the units were stacked in 
the Laboratory with all surfaces exposed to the air and permitted to dry until laid 
up in wallettes. 

Table 1 gives information on the concrete mixes and the physical properties of the 
units. The strength of units in Group B2 will be found in Table 3. 


Erection of Wallettes. In Groups A, B and C, there were 10 wallettes for each 
strength of unit. It was found convenient to erect these 10 wallettes on the same day. 
The wallettes in Groups A, B and C were 4814 in. (six block) high and 32 in. (two 
block) long. The high strengths of the block in Group D made it necessary to reduce 
the bearing area to come within the capacity of a 300,000-lb. testing machine. Ac- 
cordingly they were made 4814 in. (six block) high and 16 in. (1 block) long. In spite 
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of this precaution 3 of the wallettes in Group D3 could not be loaded to failure in a 
300,000-lb. testing machine and it was necessary to test them and 4 of the wallettes 
in Group A3 in a 400,000-lb. machine at Armour Institute of Technology. 

The bottom course, consisting of whole block, was set in mortar evenly spread over 
a reinforced concrete base 4 x 8 x 33-in. and the courses above laid with the maximum 
speed consistent with good workmanship. The concrete bases were set on 2 x 4’s so 
as to facilitate the use of the lifting lever and dollies shown in Fig. 1. 





Fic. 1—TypicAL WALLETTE BEING REMOVED FROM MACHINE PLATFORM 
AFTER TEST 


Good workmanship was employed in laying up the wallettes, care being taken to 
obtain plumbness and full mortar bedding for both face shells and webs of the units. 
Vertical joints in adjacent courses were broken by the use of half block. Joints 
averaged 34-in. thick with very little variation. The net quantity of mortar required 
averaged 5 cu. ft. per 100 sq. ft. of wall. 

Mortar Specimens. Three 2 x 4-in. cylinders and three 2-in. cubes for compression, 
and three 2-in. cubes for absorption tests were generally made from each batch of 
mortar. The mortar was puddled in the molds in three layers with the fingers. 
These specimens, excepting those made with 1:3 lime mortar, were removed from 
the molds after two days. The 1:3 lime-mortar specimens were left in the molds 
four or five days to avoid damage in handling. Upon removal from the molds the 
mortar specimens were stored in the air of the laboratory. 

Table 2 gives data on the mixes and physical properties of the mortar specimens. 
To facilitate comparison with field mixes, the mortar mixtures are expressed in 
terms of the volumes of the separate materials, assuming the sand to be in a damp, 
loose condition. The mortars are numbered for convenient identification. Since 
variations in the average strengths of different lots of specimens made from any given 
mortar were not sufficient materially to influence the wallette strength, the mortar 
strengths for any particular mortar in Table 2 have been expressed as the averages of 
all specimens tested. 
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TABLE 1—PROPORTIONS AND PHYSICAL PROPERTIES OF CONCRETE MASONRY UNITS 
Compressive strengths are the average of 5 tests; weights and absorptions the average of 3 tests. 




































































Quantities for 1 Sack Batch Fineness |Number| Weight |Absorption| Compressive 
Group Dry Materials, Lb. | Water, Lb. Modulus of Units} of Air |after 48 h. — 
esig- ; of per Dry (|[mmersion acaige 
nation | Ce. —— — — Combined — of bg _ og of Gross Area 
t " ; Aggregate |\Cement . u. Ft. —— 
ment Fine |Coarse| Aggre. | Mixer | 28d. loo-115d 
Sand and Gravel Block 
Al | 94 | 1540| 1020| 46 | 145 3.90 57 | 46.1 2 | 260] 320 
A2 94 1000 875 30 99 4.10 42 47.6 8.8 610 680 
A3 94 470 470 14 62 4.20 21 50.1 1530 1900 
Haydite Block 
Bl 94 510 343 186 74 4.10 41 24.0 16.4 440 530 
B3 94 206 138 82 37 3.90 17 28.6 12.9 1200 1580 
Cinder Block 
Cl 94 405 270 188 34 4.65 31 27.1 16.9 300 550 
C2 94 216 145 71 18 4.65 17 30.4 13.8 740 890 
C3 94 124 83 43 14 4.65 10 33.8 12.5 1160 1170 
Sand and Gravel Block 

Di 94 1000 875 30 99 4.10 42 47.3 8 960 
D2 94 470 470 14 62 4.20 21 49.6 8.6 Fae 2350 
D3 94 255 255 8 31 4.20 12 52.3 3390 4180 



































TABLE 2—PHYSICAL PROPERTIES OF MORTARS 


Mortars made with Elgin sand graded 0 to No. 14 sieve. 

Proportions are for sand in a damp, loose condition. 

Weights per cu. ft.: cement 94 lb.; lime 40 Ib.; sand, damp and loose 80 lb.; dry sand in one cu. ft. 
of damp, loose sand, 76 lb. 

Age at test; 28 days. : Sse ; 

Specimens for mortars No. 1, 2, 3, 4 and 6 cured 2 days in molds, 26 days in air; Specimens for mortar 
No. 5, cured 5 days in mold, 23 days in air. s 

Each value for compressive strength and absorption based on tests of 21 to 30 specimens, 3 each 
from 7 to 10 separate batches of mortar. Absorption specimens oven dried to constant weight at 100° 
C. before immersion in water for 48 hr. 

















s _ Average Compres- 
Proportions by Quantities of Dry ; 
Volume Materials, Lb. on “4 —_ Average Absorption 
Mortar - — 48 Hr. 
No. Sand : 2-In. 2x4-In. — 
Cement Lime (Damp, Cement} Lime Sand Cubes | Cylin- % by Weight 
Loose) ers 

1 1 0.24 3 94 9.4 228 2970 3140 11.9 
2 1 1 + 94 40.0 304 1520 1610 14.9 
3 1 1 6 94 40.0 456 1080 1060 14.2 
4 1 2 9 94 80.0 684 400 450 15.3 
5 0 1 3 0 40.0 228 110 150 14.1 
6 1 0 2 94 0 152 3980* 4780* | 11.1 




















*Av. of 3 specimens only. 


For comparisons with other investigations it may be noted that the 1:1:6 mix used 
in this study is practically equivalent to a 1:1:414 mix by dry, rodded volumes. 

Test Procedure. Wallettes, individual units, and mortar specimens were stored in 
the air of the laboratory until time of test. Twenty-eight days after erection the 
wallettes were tested for compressive strength under axial loading in a 300,000-lb. 
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testing machine. Wallettes and individual units were capped the day prior to testing 
with a mixture consisting of three parts by weight of high early strength cement and one 
part of gypsum. A steel plate, 1-in. thick, having the same area as the gross bearing 
surface of the wallette, was firmly bedded in the plastic capping mixture and left in 
place throughout the test to aid in distributing the load. Fig. 1 shows the apparatus 
for hoisting the wallettes onto the weighing platform of the testing machine. The 
load was applied at the rate of 0.05 in. per minute and was uniformly distributed to 
the specimen through a spherical bearing block, distributing block and capping plate. 
Test specimens were checked for plumbness and dimension when in position in the 
testing machine. The wallettes were not always tested to complete destruction, it 
being considered that failure to take additional load marked the end point of the 
test. Individual units and mortar specimens were tested on the same day. 


OBSERVATIONS AND RESULTS OF TESTS 


Table 3 gives the principal test results. The computed values of wall 
strength in column 7 and of ratio of wall strength to strength of units 
in column 8 apply to walls one-story (9 ft.) high and were obtained by 
multiplying the respective values for wallettes in columns 5 and 6 by 
the factor 0.91. This relation between the strength of wallettes of 
the size tested and the strength of 9-ft. walls was well established for 
concrete masonry in the tests at the University of Illinois. For con- 
venience the terms “wall strength” and ‘“‘wallette strength’’ will refer 
to the strengths of assemblies 9 and 4 ft. high respectively. 

Manner of Failure of Wallettes. In general, wallettes constructed 
with the high strength units (Groups A3, B3, C3, D2 and D3) failed 
suddenly by shattering. Serious cracking did not develop, and with 
the exception of those wallettes laid up with weak mortars which 
crushed and spalled during the test, the stability of the walls was not 
visibly affected at loads less than the maximum. The wallettes con- 
structed with the weaker units behaved somewhat differently, failure 
occurring slowly and cracks frequently developing at loads less than 
the maximum. The gradual widening of these cracks and the pro- 
gressive crushng of the units with increase in load was characteristic 
of the behavior of several of the wallettes in Groups Al, Bl and Cl. 
Some wallettes in these latter groups exhibited no tendency to crack 
even at the maximum load. However, where the maximum load was 
held on the wallettes, cracks formed in a relatively short time. 

Substantially greater deformations were observed in wallettes con- 
structed with the 1:3 lime mortars and the accompanying flowing or 
spalling of the mortar as it was squeezed outward was visible in several 
cases at two-thirds to three-fourths of the maximum load. Upon 
dismantling the tested specimens, these mortars were frequently 
observed to be crushed and the bond completely destroyed. The same 
condition was noted at the face of the joints just as soon as the mortar 
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TABLE 3—STRENGTH TESTS OF CONCRETE MASONRY WALLETTES 


Wallettes built of 8x8x16-in., 3-oval core block of 63% net area. 
Size of wallettes: Groups A, B and C, 4814 in. high, 8 in. wide, 32 in. long; Group D 48} in. high, 
e 8 in. wide, 16 in. long. 

Units manufactured in laboratory except those in Group B2 which were purchased from local manu- 
facturer. Units were from 60 to 90 days old when laid up in wallettes. 

Wallettes stored in air of laboratory; tested when 28 days old. 

Compressive strength of units based on tests at 90 to 115 days. 

Values in Col 4 based on tests of 5 units; values in Col. 5 based on tests of 2 wallettes; values in 
Col. 7 and 8 obtained by multiplying values in columns 5 and 6 by factor 0.91 developed from tests of 
walls 9 ft. high and 6 ft. long at University of Illinois. 





Compressive Strength Equivalent Values for Walls 





















































| | | 
Mortar . |Ratio—Wallette | 
Group Mix | p.s.i. Gross Area inte | Ft. High 
by Vol. | Mortar | | Wall- (Strength of Unit| Comp. Str. |Ratio—Wall to 
2x4-In. Cyl.} Units ettes | p.s.i. | Unit Strength 
a) | @) 3) | @ | & | (6) (7) (8) 
Sand and Gravel Block 
Al-1 1:0.24:3 3100 | #330 | 100 | +060 ###| #«»'95 ~~” 0.54 
Al-2 | 1:1:4 | 1610 | 320 | 185 0.58 170 0.53 
Al-3 1:1:6 | 1060 | 320 | 185 0.58 170 0.53 
Al-4 | 1:2:9 | 450 320 200 0.62 180 0.56 
Al-5 0:1:3 | 150 | 320 | 160 0.50 145 0.45 
A2-1 1:0.24:3 3140 | 680 380 0.56 350 0.51 
A2-2 1:1:4 | 1610 | 680 450 0.66 410 0.60 
A2-3 | 1:1:6 | 1060 | 680 480 0.71 435 0.65 
A2-4 1:2:9 450 680 430 0.64 390 0.58 
A2-5 | 0:1:3. | 150 | 680 | 375 | 0.55 340 0.50 
A3-1 1:0.24:3} 3140 =| 1900 1400 0.74 1270 0.67 
A3-2 | 1:1:4 | 1610 | 1900 1400 0.74 1270 0.67 
A3-3 1:1:6 1060 | 1900 1250 0.66 1140 0.60 
A3-4 1:2:9 450 1900 1250 | 0.66 1140 0.60 
A3-5 | 0:1:3 150 | 1900 1020 0.54 
Bl-1 1:0.24:3 3140 530 | es | os 
Bl-2 1:14 | 1610 530 310 0.58 
Bl-3 | 1:1:56 | 1060 530 290 0.55 
Bl-4 1:2:9 450 530 | 285 0.54 
B1-5 0:1:3 150 530 | 210 0.39 
B2-1 | 1:0.24:3 3140 840 | 730 | 0.87 665 0.79 
B2-2 | 1:1:4 1610 | 840 | 630 | 0.75 575 0.68 
B2-3 1:1:6 } 1060 840 | 700 0.83 640 0.75 
B2-4 1:2:9 | 450 |} 840 | 595 0.71 540 0.65 
B2-5 0:1:3 | 150 | 840 | 480 0.57 435 0.52 
B3-1 1:0.24:3 3140 1580 1070 0.68 975 0.62 
B3-2 13 1610 | 1580 | 860 0.54 780 0.49 
B3-3 1:1:6 1060 | 1580 835 0.53 760 | 0.48 
B3-4 | 1:2:9 | 450 | 1580 835 | 0.53 760 | 0.48 
B3-5 0:1:3 | 150 | 1580 570 0.36 520 | 0.33 
Cinder Block 
Ci-1 | 1:0.24:3) 3140 | 550 | 275 | 0.50 250 | 0.45 
C1-2 1:1:4 1610 550 | 270 | 0.49 245 0.44 
C1-3 | 1:1:6 1060 550 | 315 | 0.57 285 | 0.52 
C1-4 1:2:9 450 550 275 =| 0.50 250 0.45 
C1-5 | 0:1:3 150 550 | 190 | 0.35 175 0.32 
C2-1 | 1:0.24:3) 3140 | 890 | 720 | 0.81 655 0.74 
C2-2 1:1:4 | 1610 | 890 | 620 0.70 565 0.64 
C2-3 1:1:6 | 1060 | 890 | 650 | 0.73 590 0.66 
C2-4 1:2:9 | 450 | 890 610 | 0.68 555 0.63 
C2-5 0:1:3 | 150 } 890 | 450 | 0.51 410 0.46 
C3-1 1:0.24:3 3140 | 1170 | 930 0.80 845 0.73 
C3-2 1:1:4 1610 1170 | 970 0.83 880 0.75 
C3-3 tt aa 1060 | 1170 | 860 0.73 780 0.67 
C3-4 1:2:9 | 450 ' 1170 | 730 | 0.62 665 0.56 
C3-5 0:1:3 150 | 1170 650 0.55 590 0.51 
Sand and Gravel Block. 
Dl-1 | 1:0.24:3 3140 ait aa | se | so  4x%| O.80 
Dl1-2 | 1:1:4 1610 960 465 0.48 425 0.44 
D1-6 | 1:0:2 4780 | 960 520 0.54 475 0.49 
D2-1 1:0.24:3| 3140 | 2350 | 1170 0.50 1070 0.46 
D2-2 oe? = 1610 2350 1590 0.68 1450 0.62 
D2-6 10:2 | 4780 2350 1460 0.62 1330 0.57 
D3-1 1:0.24:3 3140 =| 4180 2260 0.54 2050 0.49 
D3-2 1:1:4 } 1610 | 4180 2430 0.58 2210 0.53 
D3-6 1:0:2 4780 4180 3170 0.76 2880 0.69 
December 15, 1931 
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started to flake appreciably. The 1:2:9 mortar also spalled to some 
extent during the test when used with stronger units. The 1:0.24:3, 
1:1:4 mortars and in most cases the 1:1:6 mortars, did not spall or 
otherwise visibly fail. 

The type of mortar seemed to have but little if any consistent effect 
on the nature or extent of the fractures developed in the units. Typical 
fractures consisted of vertical cracks through one or both face shells 
at the middle or quarter points of the wallettes and through the webs 
of the units. In some cases the face shells were split or sheared appar- 
ently by the uneven distribution of stress at the mortar joint. In 
general, the monolithic properties of the wallettes laid up with the high 
strength mortars were very pronounced and probably accounted for 
the relatively high strengths obtained. 


DISCUSSION OF RESULTS 


Because a wide range in strength of units and mortars was employed, 
there resulted a correspondingly wide range in wallette strengths and 
in computed wall strengths. The lowest wallette strength was 160 
p.s.i. and was obtained with 320 lb. units and a low strength 
mortar while the highest, 3170 p.s.i., was obtained with high 
strength units laid up in high strength mortar. The computed wall 
strengths for these values were 145 and 2880 p.s.i. respectively. 
It should be noted that units within the usual commercial strength 
range (700 to 1000 p.s.i.) produced computed wall strengths 
of 340 to 665 p.s.i. or 444 to 8 times the maximum working 
stress generally permitted by building codes on walls of hollow units. 
The relatively high strengths exhibited by the wallettes demonstrated 
the adequacy of concrete masonry for bearing wall construction. 


The following paragraphs discuss in detail the effect of strengths of 
unit and mortar and of type of aggregate on the resulting wallettes 
and computed wall strengths. In general, the discussion will be based 
on the computed strengths of walls 9 ft. high. 


Effect of Strength of Unit and Type of Aggregate on Wall Strength: 
Fig. 2 shows for each type of aggregate the relationships between 
the wall strength and strength of units for the different mortars. In 
the case of the sand and gravel walls, the relationships for the different 
mortars may be represented by 3 straight lines. The upper line repre- 
sents the high strength 1:0.24:3 mortar, the middle line the medium- 
strength mortars, (1:1:4, 1:1:6 and 1:2:9) and the lower line the 0:1:3 
mortar. Similar straight-line relationships hold for the walls made 
with Haydite and cinder units, the strength of walls increasing directly 
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with increase in strength of the units. The slopes of the lines for the 
sand and gravel group of walls do not differ greatly, the maximum 
spread in wall strength for the 1900-lb. units being less than 300 
p.s.i. The slopes of the lines for the strong mortars in the Hay- 
dite and cinder groups are about the same as those for the strong 
mortars in the sand and gravel group. However, with these light- 
weight aggregates, the weaker mortars produced somewhat lower wall 
strengths than did the sand and gravel units and this resulted in a 
greater maximum spread in wall strength. 


Comparisons of the curves for each type of aggregate in Fig. 2, 4 
and 5, show that, in general, with a given strength of unit and a given 
mortar, the wall strengths are practically identical. These tests, 
therefore, substantiate past investigations in showing that the type of 
aggregate used in the manufacture of the units is not an important 
factor in wall strength except as it affects the strength of the units 
themselves. Average strength relationships for the three types of 
aggregate are shown in the lower right-hand diagram of Fig. 2. On 
the basis of these average curves the ratio of wall strength to strength 
of unit ranges from 0.46 for the 0:1:3 mortar to 0.66 for the 1:0.24:3 
mortar. The average ratio for the four strongest mortars is 0.62 which 
compares favorably with the average ratio of 0.53 for large concrete 
masonry walls tested at the University of Illinois. 


In Fig. 3, three straight-line relationships similar to those in Fig. 2 
are plotted for the walls laid up with 3 different mortars and the high- 
strength sand and gravel units of Group D. It is interesting to note 
that the spread in wall strengths for the strongest units (4180 
p.s.i.) was only about 600 Ib. p.s.i. The slope of the line repre- 
senting the walls laid up with the 1:0:2 mortar corresponds closely with 
that of the sand and gravel walls in Fig. 2 laid up with 1:0.24:3 mortar. 
For the walls in Group D laid up with the 1:1:4 and the 1:0.24:3 
mortars the ratios of wall strength to strength of unit were somewhat 
lower than those for the walls laid up with sand and gravel units and 
these same mortars in Fig. 2. In this connection it should be noted 
that the wallettes of Group D were only 16 in. long so that it is not 
unreasonable to expect that computed wall strengths would vary 
somewhat from those based on tests of the wallettes in Group A which 
were 32 in. long. Since the ratio of the strength of wallettes 481% in. 
high and 16 in. long to 9 x 6 ft. walls is not established, the same 
factor was used for both wallette sizes in computing wall strengths. 


Effect of Mortar Strength on Computed Wall Strength. While the 
mortar strengths determined by tests on 2 x 4-in. cylinders provide a 
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valuable means of comparing mortar strengths they do not necessarily 
denote the strength of the mortar as it occurs in the wall. Differences 
which may exist, are due partly to differences in dimension of the 
mortar bed as compared with that of the mortar test cylinders and 
partly to differences in the quality of the mortar which is influenced 
by the rate at which the units absorb water from the mortar, by the 
curing conditions and other factors. 

Fig. 4 shows the wall strengths for each strength of unit and type of 
aggregate plotted against the absolute volume of portland cement ina 
unit volume of mortar expressed as a percentage. Strengths of walls 
constructed with block of 3 different strengths made with each type 
of aggregate are plotted in separate diagrams. In the lower right-hand 
diagram, the strengths of the different mortars are plotted against their 
portland cement content. The dash lines on the diagram are drawn 
through points on the various strength curves where the strength of 
the mortar, as determined by tests on the 2 x 4-in. cylinders, is the 
same as the strength of the units used in the walls. The cement con- 
tent of the mortar necessary to give the same strength as any given 
strength of unit was determined from the mortar strength curve in 
the lower right-hand diagram. 


It is of interest to consider briefly the characteristics of the wall 
strength curves in Fig. 4. The curve for walls constructed of 320-lb. 
sand and gravel units is practically horizontal showing a slight dip for 
the 0:1:3 mortar. The curve for the 680-lb. units parallels the curve 
for the 320-lb. units but at a higher strength level. The curve for the 
1900-lb. units shows a gradually decreasing strength as the cement 
content of the mortars decreases. Similar relationships hold for walls 
constructed of Haydite and cinder units, although with these units the 
0:1:3 mortar produced lower wall strengths than the sand and gravel 
units of the same strength. It will be noted that the curves for walls 
made from the 530-lb. Haydite and the 550-lb. cinder units are similar 
and fall between the curves for the walls made from the 680 and 320-lb. 
sand and gravel units. The curve for the 890-lb. cinder block walls 
coincides exactly with the curve for the 840-lb. Haydite block walls 
and both are on a slightly higher strength level than the curve for 
walls of 680-lb. sand and gravel units. The effect of type of mortar 
was more pronounced for walls of the 1170 lb. cinder and 1580 lb. 
Haydite units than for any of the other walls tested. 


An interesting feature of these tests is the close dependence of wall 
strength on strength of mortar where the latter is less than the strength 
of the unit. On the other hand, when the mortar is stronger than the 
unit no appreciable increase in wall strength is shown for further 
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increase in strength of mortar. This is shown by Fig. 4 where for a 
given strength of unit, the wall strength curves to the right of the 
dash lines on the diagrams are approximately horizontal whereas to 
the left of the dash lines they decrease gradually as the cement content 
and therefore the strength of the mortars decreases. It appears, 
therefore, that if the potential strength of the units is to be realized in 
the wall, the mortar should be at least as strong as the units. 

Fig. 5 compares the relative strengths of the walls made with the 
different aggregates and mortars. The curves in this figure are based 
on the corresponding curves in Fig. 4. They show the wall strengths 
made with a given strength of unit and type of mortar expressed as a 
percentage of the strength of the walls laid up with the 1:0.24:3 mortar 
which were used as the basis of comparison. These relative strength 
curves also show as already observed that wall strengths fall off when the 
strength of the mortars is less than the strength of the individual units. 

This figure indicates that when units having strengths within the 
commercial range of 700 lb to 1000 lb. are used with full bedding, a 
1:1:6 mortar or richer will produce satisfactory wall strengths. 

CONCLUSIONS 

The conclusions drawn from these tests of 4-ft. high concrete 
masonry wallettes constructed of one design of unit of different 
strengths, three types of aggregate and 6 different mortars are sum- 
marized below. In the summary the wallette strengths have been 
reduced to the equivalent strengths of walls 9 ft. high. 

(1) For a given mortar, the strength of the walls was directly pro- 
portional to the strength of the individual units. This conclusion agrees 
with the results of tests by other investigators along similar lines. 

(2) The type of aggregate used in making the units had little, if 
any, influence on the strength of walls, except as it affected the 
strength of the units themselves. 

(3) If the potential strength of the units is to be realized in the 
wall, the mortar used in laying up the units must at the time of test 
be at least as strong as the units themselves. 

(4) Units within the usual commercial range (700 to 1000 p.s.i.) 
produced wall strengths ranging from 340 to 665 p.s.i. or 44 
to 8 times the maximum stress of 80 p.s.i. permitted with this type 
of construction when portland cement mortar is used. The use of 
stronger units increased the wall strength proportionately. With 
the strongest units, a wall strength of 2880 p.s.i. was obtained 
which would give a factor of safety of 36. 


Readers are referred to the JouRNAL for Oct. 1932 (Vol. 29), for discussion which may 
develop. Such discussion should reach the Secretary by Aug. 1, 1932. 





THE DESIGN AND CONSTRUCTION OF THE Mount VERNON 
MemoriaAL H1GHway* 


BY R. E, TOMST AND J. W. JOHNSONT 


DESIGN 


Construction of the Mount Vernon Memorial Highway to connect 
Mount Vernon, the home and burial place of George Washington, 
with the Arlington Memorial Bridge across the Potomac river at 
Washington, D. C., was authorized by Congress in May, 1928. 

Two general routes were considered: one following closely along the 
shore of the Potomac river and passing through the City of Alexandria, 
the other following a direct inland route and skirting the City of 
Alexandria. The river route (Fig. 1) was unanimously adopted as 
having greater scenic and historic interest than the inland route, and 
offering superior possibilities for the development of park areas between 
the highway and the river. 

The principal thought influencing the design of the Memorial 
highway was to provide a thoroughfare of such width that traffic 


*Presented at the 28th Annual Convention, Washington, D. C., March 1-4, 1932 
tPrincipal Highway Engineer, U. 8. Bureau of Public Roads 
{District Engineer, U. S. Bureau of Public Roads 





hic. 1—SKETCH SHOWING LOCATION OF THE MOUNT VERNON MEMORIAL 
HIGHWAY 
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could move over it with the least interruption, and the greatest 
enjoyment. Traffic and aesthetic considerations, therefore, were 
given first consideration. 


Two traffic problems of major importance had to be solved: one at 
the crossing of the Memorial highway and the main Washington- 
Richmond road, and the other at the Mt. Vernon terminus in providing 
parking facilities and reversing the flow of traffic. 


Commercial development near the shore of the Potomac at the 
Richmond road crossing prohibited utilization of a large area of shore 
frontage for a traffic circle, or a grade separation with connecting 
ramps. An island had already been constructed in the river near the 
Virginia shore upstream from the proposed crossing of the Richmond 
highway. The continuation of the line of the river side of this island 
passed through the second pier from the south end of the Highway 
bridge across the river. By filling in the river to this line, the two 
southerly spans of the Highway bridge could be removed and the 
roadway replaced on filled land. By keeping the filled area as low 
as possible, except for the replacement of the bridge roadway, an 
ideal situation was created for a highway grade separation, allowing 
sufficient area for the construction of ramps between the two highway 
levels to permit the distribution of traffic in all directions without the 
necessity for crossing any opposing traffic lines. This solution was 
adopted. 


The interchange of traffic between the Memorial highway and the 
Richmond road entering Washington over the Highway bridge at 
14th street not only allows greater traffic flexibility but was necessary 
to permit traffic to reach its destination in Washington by the most 
direct route. A considerable volume of traffic from Alexandria and 
points south is destined to points in Washington in the vicinity or 
east of 14th street. All such traffic, without connection of the two 
roads would have to use the Arlington Memorial bridge, traversing 
about two extra miles. 


Fig. 2 shows the location of the grade separation before improve- 
ment. Fig. 3 is a plan of the design, and Fig. 4 is from a photograph 
of a scale model of the finished work. 

At the Mount Vernon terminus, the area available for development 
was also restricted. The right of way and terminal facilities of the 
electric railroad between Alexandria and Mount Vernon were acquired, 
which, together with other land acquisitions, gave control of practically 
all of the area between the existing road and the property of the Mount 
Vernon Estate. 
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POTOMAC 




















Fig. 3—PLAN OF HIGHWAY GRADE SEPARATION AT INTERSECTION OF 
MOUNT VERNON MEMORIAL HIGHWAY WITH THE RICHMOND ROAD AT 
THE SOUTH END OF THE HIGHWAY BRIDGE ACROSS THE POTOMAC RIVER 




















Fic .4—A MODEL, CONSTRUCTED TO SCALE, OF THE HIGHWAY GRADE 
SEPARATION AT INTERSECTION OF MEMORIAL HIGHWAY WITH THE 
RICHMOND ROAD 
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For the best utilization of this area the terminal design decided upon 
was a pear-shaped approach, which is essentially a Y merging into a circle 
flanked by parking areas on either side. Circulating roads lead through 
the parking areas with space for parking on each side. Separate areas 
are provided for parking 350 automobiles and 60 busses—more than 
ample for all ordinary requirements. Overflow parking of 1500 or 
more vehicles would utilize the natural ground surface, adjacent to 
the highway terminus, made available for this purpose by the selective 
cutting of tree growth. The entire terminal design is based upon 
the movement of traffic with the least interference and the elimination 
of collision points. Traffic keeps to the right except in by-passing the 
unloading station. The widths of the branches of the Y have been 
increased over the normal half width of the highway leading to the 
terminus. This width is further increased around the semi-circular 
return, and a narrow island introduced to separate traffic desiring to 
stop and unload, from that proceeding directly to the parking area, 
or to reverse itself. The width of pavement by-passing the unloading 
station is the same as the half width of highway leading to the terminal. 
Brick sidewalks lead from the automobile parking areas and the unload- 
ing station to the entrance to the Mount Vernon Estate, and to a 
Colonial-style Concession building nearby where fountain service, 
lunches, dinners and souvenirs may be obtained. Fig. 5, 6, and 7 
show the development of the terminal area. 


For recreational purposes and flexibility of movement, it was 
desirable to provide facilities for traffic to turn around or reverse itself 
at many points. Divided roadways separated by intervening islands 
have generally been used for this purpose. Where divided roadways 
were used an extra traffic lane was added to each of the separated 
roadways with a central opening in the intervening island so that 
traffic may use the inside lane, turn through the opening in the island 
on to the extra traffic lane on the other side and weave into the regular 
traffic lanes before reaching the ends of the islands, without interference 
with other traffic. Divided roadways, separated by islands, also 
facilitate crossing at grade by permitting it to be done in two operations. 


The Memorial highway for a considerable distance between Alex- 
andria and Mount Vernon occupies the right of way of the electric 
railroad acquired when the railway ceased operation. That railway 
provided the only public means of transportation for this particular 
section between Alexandria and Mount Vernon. The service formerly 
supplied by the railway should logically be replaced by busses. Sight- 
seeing busses carrying visitors and tourists from Washington to Mount 
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Fig. 5—PLAN OF THE MOUNT VERNON TERMINUS OF THE HIGHWAY 
SHOWING PROVISION FOR PARKING AND REVERSING TRAFFIC 


Vernon could not very well be excluded from a highway constructed 
for the sole purpose of providing better facilities for reaching the home 
and burial place of the Founder of the Nation. Local bus service 
adds only one other feature of operation—pick-up service. The pro- 
miscuous stopping of busses in the traffic lanes of a highway to receive 
and discharge passengers not only causes traffic congestion and danger 
but is a source of irritation to other users of the highway. To prevent 
this condition a study was made of the possible future pick-up require- 
ments for bus traffic along the highway, and provision was made for 
ten regular bus stops by additional width of pavement for local busses 





Fia. 6—A MODEL, CONSTRUCTED TO SCALE OF THE MOUNT VERNON 
TERMINUS OF THE HIGHWAY AS PLANNED 
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to pull out from the established lines of traffie to receive and discharge 
passengers. A number of these bus stops naturally occur where roads 
intersect the Memorial highway. Where these intersections are at 
grade the approach to the bus stop is across the throat of the inter- 
secting road to an extra pavement width of ten feet, parallel with the 
highway. The extra pavement width provided parallel with the high- 
way was 40 ft. long in addition to an easy return to the regular traffic 
lanes. At other places the bus stops consist of short sections of widened 
pavement on flat curvature which attain a maximum width of 12 ft., 
and then return to the normal width of pavement section. 





kicg. 7—A PART OF THE AUTOMOBILE PARKING AREA AT THE MOUNT 
VERNON TERMINUS OF THE HIGHWAY AFTER COMPLETION OF LAND- 
SCAPING, JUST PRIOR TO BEING PLACED IN USE 


Fig. 8 shows the bus stop provisions. 

The highway extends through a small residential development at 
Wellington, Va., where construction costs and excessive damage to 
property rendered a river front location inadvisable. This develop- 
ment is confined to a distance of about a mile and its extension is 
restricted on the north by swamp areas and on the south by the 
Memorial highway, which swings to the river shore as soon as the 
existing development is passed. The continued development of this 
section with individual units requiring or demanding frontage access 
to the highway would eventually have created a situation similar to a 
residential street in a city where speed would be dangerous. To meet 
this situation a highway grade separation was constructed at the north 
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end of this development and border roads provided on each side of 
the highway almost the entire length of the development. These 
border roads connect with the highway grade separation at one end 
and with a divided roadway access at the other. The purpose of the 
border roads is to serve as frontage access to adjacent property or 
lots, and pickup and deliver traffic to the highway at predetermined 
points where it will enter with the flow of traffic. Exit from the high- 
way may be accomplished by right hand turns only and traffic main- 
tained without interruption through the section regardless of future 
development. 




















Fig. 8—PLANS SHOWING DIFFERENT DESIGNS EMPLOYED IN MAKING 
PROVISION FOR BUS STOPS 


At various points along the route where there are commanding views 
of the city, or the opposite shore of the river, provision was made for 
suitable overlooks which will permit some parking. In some instances 
islands separate the parking overlooks from the highway. At others, 
provision for parking was made by the simple expedient of adding 
extra width of continuous pavement which widens out and returns in 
pleasing lines. 


The alignment, except through the City of Alexandria, consists 
almost entirely of continuous easy curvature established so as to 
create the effect of following the topography of the country. One 
curve of 925-ft. radius was used in approaching the terminal of the 
highway at Mount Vernon, but quite generally curves are under three 
degrees. All curves were spiraled to give easy flow lines for traffic 
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and to add to the appearance of the road. Divided roadways were 
invariably established on curves where a sufficient difference of the 
radii of the inside and outside edges of the pavement permitted the 
introduction of islands without destroying the easy flowing directional 
effect of the roadway lines. 

Grades were laid to fit, as nearly as possible, the topography of the 
country using the longest possible vertical curves between changes of 
grade. Topsoil was stripped and stockpiled for resurfacing the slopes 
after paving and final shaping. Flat side slopes were used; both cut 
and fill slopes being not greater than 1 on 2. The intersections of cut 
slopes with the natural ground surface area were rounded for a distance 
of five feet each side of the intersection. The intersections of shoulder 
and fill slopes were treated similarly. A studied attempt was made 
throughout the entire design to obtain pleasing lines in connection 
with the alignment, grades and sections. 

Structural design of the highway involved a number of features not 
ordinarily encountered in highway work. Its location required fills 
across approximately 234 miles of open water. The soft unstable mud 
encountered at these water gaps ranged from 10 to 30 ft. deep. To 
stabilize embankments within the shortest time, clean sand and 
gravel were used, placed by hydraulic methods. Wash borings and 
probings were made in the river to locate this heavy material so that 
its weight would immediately displace the soft material for a stable 
bearing. 

Three point grading sections were designed so that subgrade excava- 
tion would provide sufficient material for the shoulders simply by : 
lateral movement of the excavated earth. 


Between Washington and Alexandria the grading section was made 
to accommodate a 60-ft. pavement, although a pavement width of 
40 feet was all that was to be constructed initially for the greater part 
of the distance. This provision permits future widening without dis- 
turbing the slopes or destroying the landscape planting. 

Both rigid and flexible types of pavement were used. The flexible 
type consisted of bituminous concrete base and top on various thick- 
nesses of a clay-bound gravel base or a combination of clay-bound 
gravel base and dry choked stone base. The minimum total thickness 
of flexible pavement used was 17 in. consisting of 12 in. of clay-bound 
gravel base course underlain by the sand and gravel in the hydraulic 
fills on which was placed 3 in. of bituminous concrete base and 2 in. 
of bituminous concrete top. The coarse aggregate type of bituminous 
concrete was specified for the wearing surface using a plant-mixed 
chip finish coat instead of the ordinary squeegee seal to secure a non- 
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skid surface and insure uniformity of surface appearance. Through 
the City of Alexandria two course sheet asphalt was planned. In 
general, rigid type construction was employed on stabilized ground, 
and the flexible type on the hydraulic fills. As all but one of the 
hydraulic fill sections are between Washington and Alexandria the 
rigid type construction on this section of the highway was surfaced 
with bituminous concrete to secure uniformity of type and avoid the 
appearance of patchwork. South of New Alexandria concrete paving 
was used to Mount Vernon. 


The crown of the paving sections consisted of an are of a circle for 
the central 18-ft. width with plane surfaces, tangent to the circular 
are for the remainder of the width. Because of the varying widths of 
pavement approaching the divided roadways and the possibility of 
future widening it was desirable to use a plane surface for the outside 
traffic lanes so that additional width could be constructed at the same 
slope. A crown of 3% in. was used on the 40-ft. section and 61% in. 
on the 60-ft. section. 


Concrete for base construction was designed for a modulus of 
rupture of 500 p.s.i. at 28 days and for the pavement construction 
600 p.s.i. at 28 days. Both base and pavement sections were reinforced 
with steel wire mesh having heavy outside members—approximately 
60 lb. per 100 sq. ft. 


Concrete base was constructed in 20-ft. widths with a longitudinal 
plane of weakness formed along the traffic lane and transverse planes 
of weakness spaced 40 ft. A 10-7-10 section was used for each width 
of construction. Concrete pavement was constructed in longitudinal 
sections equal to the width of the traffic lanes. A 10-8-10 section was 
used for each traffic lane section. The two outside sections were 11 ft. 
wide with the two inner sections 9 ft. wide.—the outside lanes wider 
because of the tendency of drivers to keep away from the curbs or edges 
of the road. Specifications required the surface of the concrete base 
to conform in all respects to the smoothness requirements for the con- 
crete pavement. Both concrete base and concrete pavement were 
given a broom finish. 


Riser curbs were used throughout the length of the work except 
where the grades were practically level. A curb with a height of 
three inches above the pavement and a heavily battered face was 
used so that traffic in an emergency could climb the curb without 
difficulty. Header curbs were used on flat grades with the bituminous 
concrete on concrete base. Riser and header curbs were constructed 
independent of the pavement or base, so that widening or any future 
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Fic. 9—COMPLETED GRADE SEPARATION STRUCTURE AT WELLINGTON, 
VA. 


adjustments for entrances, etc., could easily be made by removing the 
curbs and doing additional work which would properly blend with 
the original construction. Drainage in general was carried on the 
pavement and disposed of by means of cast iron drop inlets. 

The arch type of structure was employed for all bridges except two 
relatively unimportant openings. In general the bridges are stone 
faced reinforced concrete arches, using native stone laid in random 
bond except for the ring stones and corner quoins which were dimen- 
sioned masonry. ‘To carry out the arch effect, and harmonize with 
the other designs, curved steel girders were used for the superstructure 
of the underpass at the R. F. & P. Railroad. The design and construc- 
tion of arch type bridges at the stream crossings where a considerable 
depth of soft mud was encountered in the foundations presented a 
problem. The structures at all stream crossings rest on piles and 
timber struts were used at footing level between the foundations to 
carry any possible distorting thrust of the fills. Fig. 9 shows a bridge 
prior to completion of landscaping. 

A large amount of rustic guardrail was used in two general types: 

a high rail where there was a considerable element of danger to traffic, 
a low rail largely to confine traffic to the highway and prevent 
promiscuous parking in the best scenic vantage points to the detriment 
of the majority of the highway users. 

The highway has been lighted its entire length, using pendant 
fixtures with 600 candlepower lamps, with either dome or bowl refrac- 
tors to bend the light rays for maximum concentration of light on the 
pavement. The lights are on both sides of the highway, using a 


staggered spacing of approximately 150 ft., for metal lighting standards 
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Fic. 10—A DIVIDED ROADWAY SECTION PRIOR TO LANDSCAPING 


Fic. 11—A SECTION OF COMPLETED HIGHWAY APPROACHING MOUNT 
VERNON 


between Washington and Alexandria, and rustie cedar from Alexandria 
to Mount Vernon, to harmonize with the wooded background. 

Incidental items in connection with the construction of the highway 
consisted in the erection of a Colonial type Concession building at the 
terminus of the highway for the convenience and comfort of visitors, 
the development of a deep well water supply, the erection of an elevated 
steel storage tank and the installation of a booster pump, all at the 
terminus to supply water for the building, for a concealed irrigation 
system installed within the terminal circle and for watering the plant- 
ing in the area. 

Detailed planting plans for landscaping the highway, indicate loca- 
tions for 115,000 plants and trees of more than one hundred species. 
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CONSTRUCTION 


Construction was in five principal units, not including the landscape 
work and the Concession building. Each unit covered work of a 
particular character requiring its general class of equipment. 


Unit 1 included a contract for riprap, cofferdam around highway bridge pier, 
stone for bridge facings; hydraulic fill work done by War Department forces and 
equipment. 

Unit 2, all land grading, in one contract. 

Unit 3, all bridges, in two contracts to one contractor. 

Unit 4, paving, in two contracts. 

Unit 5, lighting, in one contract. 

Landscape work was performed by day labor under the Bureau’s landscape 
architect. 

The Concession building was built by the concessionaire. 

Numerous small contracts carried water supply at the Mount Vernon terminal, 
removing old Concession building, furnishing plant material, testing foundations, etc. 


Unit 1—Riprap, Face Stone and Hydraulic Fills: Smoot Sand & 
Gravel Co., contractors, started on September 16, 1929, on the riprap 
wall, 2500 ft. long, laid entirely in the river, from 400 to 1000 ft. off 
the existing shore line, in from 4 to 16 ft. of water. This riprap served 
as the river face for the hydraulic fill placed later. The base of the 
wall was at least 6 ft. below mean tide, which required excavating in 
the bed of the river for a short distance. The top of the wall was 4 ft. 
above mean tide, the side slopes being roughly 1 to 1. Stone was 
delivered in scows and two floating derricks placed a total of 29,665 
tons, averaging 295 tons per day. Considerable subsidence, due to 
deep mud in the stream bed, necessitated much refilling. 


Later, the hydraulic filling squeezed out underlying mud, causing 
two large slides in the riprap. Hydraulic dykes were constructed 
around these slides and after the filling was completed, the riprap was 
replaced. 


The riprap contract included building a cofferdam around the 
second pier from the south end of the Highway bridge to protect it 
during the placing of hydraulic fill, and also furnishing face stone for 
bridges. 


The hydraulic fill work was done by the Corps of Engineers of the 
War Department with their forces and equipment at cost, since satis- 
factory bids were not received for the work by contract. Filling began 
Oct. 21, 1929 by the Talcott, a 500 h. p. dredge with 18 in. discharge 
pipe. Nov. 7, 1930, the Welatka, a 1500 h. p. dredge with 21 in. 
discharge pipe began pumping. Pumping distance was a maximum 
of 6400 ft., and the greatest depth fill 28 ft. Filling material was all 








| 


576 JOURNAL OF THE AMERICAN CONCRETE INstTITUTE— Proceedings 


gravel and sand, ideal for the purpose. The saturated mud bed under 
the fills was very unstable and much subsidence or slipping took place. 
With all of this movement, cracks parallel to the center line of fill 
occurred, accompanied by vertical displacement of from 1 to 6 feet, 
together with an uplift of mud and silt near the toe of the fills, equal 
in some cases to the depth of fill. The filling was continued by pump- 
ing additional material on the center line until subsidence ceased. 
On one part of the Gravelly Point fill, where the bed was natural sand 
and gravel, no slipping or subsidence of the hydraulic .fill took place. 


Gaps were left in the hydraulic fill where needed for bridges, with 
additional material stored nearby for back fill. On all but the basin 
fill of the Highway Bridge, material was deposited only on the center 
line. A commercial concern was allowed to dig gravel from the dredge 
cuts in return for supplying the sand content resulting from such 
digging at the basin fill alongside the riprap wall in scows. This sand 
was then deposited by clamshell alongside the riprap wall to the height 
of 4 feet above finished grade, before the hydraulic fill was placed. 
This sand and riprap dyke on one side and the shore line on the other, 
formed the basin into which the fill material was pumped, after con- 
structing a waste weir through the sand dyke. Because of the great 
width of this area on which the connecting ramps with the Richmond 
road were to be constructed, fill pumping was first done along and 
back of the riprap wall, and then later along the center of the highway, 
deflecting the pipe line also along the ramp centers near the Highway 
Bridge. In this way the confined mud was forced to the sides of the 
basin or out through the weir, resulting in a hard, well compacted fill. 
The hydraulic fill work was completed in July, 1931, at a cost of 
approximately $1,250,000. 


Unit 2—Land Grading—Land grading work was started by Vincent 
Schiavi, Buffalo, N. Y., March 10, 1930, and finished in May, 1931, at a 
cost of $473,730. Approximately 50,000 cu. yds. per mile were moved 
by power shovels, trucks and tractor-hauled wagons and by tractor- 
hauled scraper wagons. Particular care was taken to preserve good 
trees along the work. 





A number of the culverts were built in swamps and required pile 
foundations. Triple strength vitrified clay and reinforced concrete 
pipe and stone faced reinforced concrete arches were used. 


For the Class A concrete, which comprised the bulk of the structural 
work, specifications required 6 sacks of cement to the cubic yard. 


As a result of tests of the Potomac river sand and gravel, batch pro- 
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portions were 190 lb. of sand and 340 lb. of gravel per sack of 
cement. 


Aggregates delivered at the site of each structure, were field tested 
for size and grading and the water content determined just prior to 
use based on 64% gals. of water per sack of cement. Only minor varia- 
tions from these proportions were found necessary. Mixing was done 
with a two-sack mixer equipped with weighing device and positive 
water control. The mixer was set up as near the structure as it was 
possible to deliver aggregates and the mixed concrete was wheeled 
to the site in barrows. Well constructed wooden forms were used. 
After concrete footings were poured the forms were placed and masonry 
headwalls built, the concrete arch barrel then poured, usually in one 
continuous operation, and the concrete covered and kept wet for 7 
days thereafter. Concrete for small structures, such as drop inlets to 
culverts and footings for masonry headwalls on pipe culverts, was 
mixed at some convenient point and hauled to the various locations in 
trucks with water-tight bodies. A small amount of concrete for struc- 
tures north of Alexandria was obtained from a commercial mixing 
plant in Georgetown, D. C., and hauled in trucks equipped with 
agitators. This haul did not exceed 40 minutes from plant to site and 
very good results were obtained. 


Unit 83—Bridges. Merritt-Chapman & Scott, contractors on the 
bridges, began work April 15, 1930, and finished the last bridge in 
November 1931, at a total cost of $1,985,252.27. 


Types of bridges included steel plate girders, reinforced concrete slab 
and girders on concrete trestles, reinforced concrete cantilevers with 
suspended span, single, double and triple span arches, and single 
and double span rigid frame structures to simulate arches. Arch 
spans ranged from 25 to 50 ft.; rigid frames were all 46 ft., and the 
cantilever span was 100 ft. Types of foundations included spread 
footings at depths from 3 to 23 ft., plain piles from 22 to 80 ft. and one 
structure on reinforced concrete piles 30 ft. long. Approximately 
31,000 cu. yds. of conerete were placed in these bridges, including 
21,000 cu. yds. of Class A (6 sacks of cement per cu. yd.), 3800 cu. yds. 
of Class B (5 sacks of cement per cu. yd.), and 6600 cu. yds. of Class 5S 
(7% sacks per cu. yd.). Class 5 concrete was deposited under water, 
Class B was plain concrete and Class A was reinforced concrete. Of 
the concrete approximately 15,000 cu. yds. were placed from a floating 
plant and of the remaining 16,000 cu. yds. about 10,000 cu. yds. were 
purchased from a commercial plant in Washington, the balance 
being mixed on land on the job. 
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The floating plant consisted of a l-yard Smith mixer with 90-ft. 
hoisting tower and 65-ft. adjustable boom mounted on a barge, 
41 x 121 x 11 ft. with 4 ft. draft. Elevated storage bins having a 
capacity of 45 cu. yds. each of sand and gravel were so arranged that 
the materials passed from the bins through the batcher to the mixer 
by gravity. A stiff-leg derrick mounted in the center of the barge 
served the storage bins from material scows anchored alongside. 
There was storage capacity for 6000 sacks of cement. This material 
was handled from the cement house on the rear of the barge to the 
mixer by an inclined railway. The plant was thoroughly equipped 
with auxiliary units such as electric light plants, pumps, hot water 


‘heaters, etc., as well as with a Blaw-Knox inundator which was used 


for the first two runs of concrete, after which it was decided to remove 
the inundator and proportion the materials on a weight basis, as called 
for in the specifications. To do this the moisture content of each barge 
of sand and gravel was determined in the field just before the material 
was used. Water was controlled by an automatic tank and the con- 
sistency was checked from time to time with a standard slump cone 
and adjustments made in the water content. In placing seal concrete 
the chute from the tower on the mixing plant discharged directly into 
the hopper of the tremie, the end of the chute and the tremie being 
handled by a “Whirley” mounted on another barge. In placing con- 
crete above the seal the same general method was used, except that 
the tremie was discarded and the ‘‘Whirley”’ handled the end of the 
chute directly to the place where the concrete was to be placed. For 
parts of the work not within reach of the boom-chute from the tower, 
and in forms not suited for receiving concrete from the chute, the con- 
crete was delivered from the chute into buggies and wheeled to the 
forms, or discharged into buckets which were handled to the forms by 
the ‘“Whirley.” For some of the Class A concrete the contractor, to 
facilitate placing and spading, elected to use an extra sack of cement 
for each cubic yard of concrete so that a wetter mix could be used with- 
out reducing the strength of the concrete. The concrete above the 
spring line in one of the bridges was placed by buckets, the mixer dis- 
charging directly into the bucket which was handled by a “‘Whirley”’ 
on another barge. 


At the commercial central mixing plant all materials were weighed 
and mixed in a 24% yd. mixer. An inspector checked all operations and 
corrected weights to allow for moisture content. Tests made by the 
Bureau in advance having shown no segregation and no decrease of 
strength for at least 144 hours for concrete hauled in agitator type 
trucks, permission was given to use such concrete where the elapsed 
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time, from adding water to depositing in forms, did not exceed one 
hour. In use, the actual elapsed time ranged from 40 minutes to one 
hour. Concrete on the job was handled to the forms by buggies and 
by derricks and buckets. 

The concrete mixed on the job on land was handled in a battery 
of three 2-bag Jaeger mixers, equipped to weigh sand and gravel and 
measure the water. Moisture content determinations were made 
daily or oftener, and weights and water measuring devices adjusted 
accordingly. 





Fig. 12—CoNsTrRucTION OF A STONEFACED REINFORCED CONCRETE 
RIGID FRAME HIGHWAY GRADE SEPARATION STRUCTURE 


The specifications for the different classes of conerete provided as 
follows: 


Sacks of Cement Max. Water per Max Max. Size 
Class Per Cu. Yd. Cu. Yd Slump Coarse Aggregate 
A 6 10.5 gal fin 1% in, 
B 25 gal sin 2% in, 
5 74 41.25 gal Sin 1‘4 in 


The above fixed quantity of cement and water, not in excess of the 
maximum, was to be combined -with fine and coarse aggregates to 
produce one cubie yard of concrete of the required slump, in which 
the volume of the fine aggregate should not be less than 30 per cent 
nor more than 50 per cent of the total volume of fine and coarse aggre- 
gates, each measured separately. 


The aggregates used were Potomac river sand and gravel having 
the following average fineness moduli: sand, 2.96; gravel, 7.27. The 
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proportions established for the several classes of concrete in conformity 
with the specifications and materials submitted were as follows: 


Class Cement Water Sand Gravel 
A 6 sacks 33—sogal 1140 Ib. 2100 lb. 
B 5 sacks 35—sogal 1150 lb. 2125 Ib. 
8 7% sacks 37.5 gal 1050 Ib. 1950 Ib. 


The above mix makes the proportion of fine aggregate 35 per cent 
of the total aggregates, and was changed in the field to increase the 
fine aggregate to 40 per cent for better workability. The water content 
was varied as needed to obtain the consistency required by the shape 
and type of forms and amount of reinforcing in the different parts of 
the work, but the maximum water specified was never exceeded. Any 
change in the water content was accompanied by a compensating 
change in the quantity of the aggregates, to hold the cement content 
constant. 

Except in special cases where the slump of Class A concrete was 
increased to 5 in., the slumps used were: Class A, 34% to 4 ins.; 
Class B, 2 to 3 in.; Class 8S, 6 to 7 in. Test cylinders, 6 x 12 in., 
were made of practically every run from the concrete as it was placed 
in the forms. The average of all tests was: Class A, 3270, Class B, 
2750, and Class S, 3500 p.s.i. compression strength at 28 days. 

The construction of the R. F. & P. underpass necessitated the con- 
struction of trestles around the proposed new bridge to carry each of 
the two tracks. These trestles were built of frame bents on wooden 
sills, were closely inspected by the railway company and any settle- 
ment was immediately corrected by wedging under the frame posts. 
After the trestles were in operation the old railroad fill was excavated 
by a steam shovel and the central portion of the new underpass con- 
structed to grade; tracks were then laid and train service carried on 
the new bridge while the wings and approach fills were constructed. 
No accidents occurred and no delays to trains were caused beyond the 
usual slow order given by the railway company in all cases of this 
kind. Train service was restored approximately 50 days prior to the 
time called for by the contract. 

Traffic over the Highway bridge, including street cars, was detoured 
over a wooden trestle, 40 ft. wide, from the second pier from the south 
end of the bridge (the new abutment) to the Virginia shore. This 
trestle consisted of wooden piles, caps, stringers and sub-floor on 
which an asphalt plank wearing surface was laid. At the time of 
cutting traffic onto the detour and again when traffic was restored to 
the main roadway, it was necessary to confine it to one lane for a few 
days. This resulted in some congestion in the morning and at night 
but was not serious. 
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Unit 4—Paving. The MeDougald Construction Co., Atlanta, Ga., 
had the contract for the 7.56 miles of bituminous paving, and the 
Roberts Paving Co., Salisbury, Md., for the 7.79 miles of concrete 
paving, work being started on the one on May 12, and on the other 
on April 21, 1931. 

In both the concrete paving and concrete base work, Potomac river 
sand and gravel were used throughout. The fine aggregate had a 
fineness modulus of 2.70. Coarse aggregate was in two sizes; from 1 
to 2 in., and from 4 in. to 1 in. . 

The weight of fine and coarse aggregate per sack of cement was 
specified for each class of concrete used. The weight of the separated 
sizes of coarse aggregate was determined from samples submitted. 

The weight of fine and coarse aggregate and the water content per 
sack of cement for the two classes of concrete were established after 
trial in use as follows: 


Intermediate Large Water, Gal 
Sand Aggregate Aggregate Per Sack 
Reinforced Concrete Base 220 Ib. 200 Ib. 235 |b. 63 
Reinforced Concrete Pavement 140 lb. 135 lb. 165 lb. 5.3 


Aggregates for both contracts were delivered in scows at the sites 
of plants, on the shore of the river. Cement was delivered by railroad 
to the MacDougald plant and by barges to the Roberts’ plants. The 
MacDougald company proportioned all aggregates at a single site 
on the river front central to the work. The Roberts company used 
two sites, one near each end of its work. The three sizes of aggregates 
were delivered into batchers equipped with compartments and scales 
for each size. 

The MacDougald company operated throughout on the basis of 
five sacks per batch. The Roberts Paving Company began operations 
with a seven sack batch which was later increased to an eight sack 
batch. Aggregates were hauled to the mixers in trucks. Most of the 
trucks hauled one batch, a few hauling two or three batches. Cement 
was hauled separately and added to the batches just before mixing. 
The timing devices on the mixers were set at one minute and five 
seconds. Under this control the MacDougald paver could turn out 
14 to 45, and the Roberts pavers 48 batches per hour. This rate was 
obtained by pavers on several days for batches per hour for eight 
hours. ‘ 


Concrete was placed on the prepared subgrade immediately behind 
a power subgrader. Finishing was done by machine finishers, longi- 
tudinal floats, straight edges and belts. A broom finish was given to 
both base and pavement. Curing was by a 72-hour application of wet- 
ted burlap. Concrete base was laid in 20-ft. strips with a longitudinal 
plane of weakness in the center of each strip and a transverse plane 
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of weakness every 40 ft. Construction joints were placed at the end of 
each day’s run and wherever mixer was stopped for more than 30 
minutes. Extra width where traffic lanes were separated was accom- 
plished by using two intermediate lanes which began at the point of 
divergence of the 9-ft. lanes and increased in width to 10 feet each. 
Pavement on curves was superelevated into plane sections, the change 
from normal to superelevated sections being made in 150 ft. 

Close control of all material was maintained throughout the entire 
work. Cement was tested at the mills before shipment by the Bureau 
of Standards. Certificates of inspection accompanied all shipments. 


ro 





Fic. 13—PLACING AND FINISHING A TRAFFIC LANE OF REINFORCED 
CONCRETE PAVEMENT 


Preliminary samples were taken and tested from each scow load of 
aggregate when delivered. Samples of each class of aggregate were 
taken daily as they were dumped from the hoppers. These samples 
were tested for size, quality and moisture content in field laboratories, 
at the site of the proportioning plants. Results of tests were furnished 
inspectors at the mixer and necessary corrections in the amount of 
added water were made. Four 6x 12 in. compression cylinders and 
four 8 x 8 x 27 in. beams were made daily from the output of each 
mixer. Slump tests were also made at the same time. Two cylinders 
and two beams from each mixer were tested at 7 days and two at 28 
days. 

Careful checking of the finished subgrade was maintained at all 
times. Any correction required was made at once. When any con- 
tinued variation was encountered, check measurements were made of 
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the cutting edge of the subgrader and testing edge of subgrade tester. 
Frequent checks were also made of the set of screed of the finishing 
machines. Thickness of concrete was also measured direct each day 
by means of stiff wires thrust through concrete onto small tin plates 
which had been placed on the subgrade in advance of placing concrete. 
Any variations in thickness indicated by these measurements were 
followed by an immediate check of subgrader and finisher. Tests of 
surface for smoothness were made daily by 10-ft. straight edges and 
road rater. Very few variations in excess of the allowed 4-in. in 
10 ft. were found. Ordinarily the variation did not exceed \% in. in 
10 ft. in the reinforced concrete pavement. 

The average of tests on all cylinders for 7 and 28 days for the con- 
crete base was 1960 and 2911 lb. respectively and 3419 and 4895 lb. 
for the concrete pavement. The average beam strength tests showed 
a modulus of rupture of 384 at 7 days and 479 lb. at 28 days for con- 
crete base and 500 lb. for 7 days and 615 lb. for 28 days for the con- 
crete pavement. The average thickness as determined by core drilling 
was 7.08 in. for concrete base and 8.04 in. for pavement. The apparent 
overrun of concrete used to that required was approximately 3 per cent. 

Concrete curbs were constructed as a separate unit after completion 
of concrete base and pavement. Curbs were of Class A concrete, 6 
sacks to the yard, with 634 gal. of water per sack of cement. On the 
Roberts company section this work was done by a 2-sack mixer which 
was moved as required. Aggregates were hauled by truck and dumped 
at convenient intervals on the pavement. They were then weighed 
into mixer and the required amount of water added. Mixed concrete 
was wheeled in barrows and placed in steel forms. The MacDougald 
company used wooden curb forms and obtained their concrete from a 
commercial plant in Washington. Batches of weighed aggregates and 
cement were hauled in mixing drums on trucks to the desired locations; 
water was then added and concrete mixed. Inspectors were main- 
tained at the proportioning plant and in the field. 

Sheet asphalt and bituminous concrete pavements were placed by 
the MacDougald company from one set-up just north of Alexandria. 
This set up consisted of two 20-ton-per-hour portable plants. These 
plants were small for the size of the work but by working in two shifts 
from daylight to dark this portion of the paving was completed Dee. 
23, 1931. 

The bituminous macadam work on access roads on the Roberts 
company section was done by a subcontractor. 


Guardrail on both sections has been built by the same subcontractor, 
the Kibbey Engineering Co. Progress on this work has been slow due 
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to slow delivery of material—black locust, apparently difficult to 
obtain of the quality and quantity desired. 


The MacDougald Construction Co. laid 53,000 sq. yds. of plain 
concrete base; 77,300 sq. yds. of reinforced concrete base; 59,650 feet 
of concrete curb and 5,000 feet of combination curb and gutter. The 
Roberts Paving Co. laid 209,933 sq. yds. of reinforced concrete pave- 
ment and 81,452 lin. ft. of concrete curb. 


One mixer was used on the concrete pavement contract from Apr. 21 
to Oct. 30, 1931, and a second one was used from July 1 to Oct. 5. 


The concrete paving contract was completed on Dec. 23, 1931 at a 
cost of $583,510.77, and the bituminous contract will be completed 
Feb. 15, 1932 at an estimated cost of $715,000. 

Unit 5—Lighting. The Westchester Electrical Equipment Co., 
contractors for lighting, started work on Nov. 18, 1931, and will 
probably complete the work by April 15, 1932, their time limit. 
Their bid price is $73,469.80. 


Concrete in this work consists of the precast transformer vaults 


used on the wooden pole section and heavy concrete bases for the 
metal poles. Class A concrete is used for both. 


The reinforced concrete transformer vaults are made in Richmond, 
Va., and delivered by truck at the site. The concrete for the pole 
bases is delivered by trucks from a commercial plant in Washington. 

Concession Building. The Concession building, designed by Edward 
W. Donn, Jr., Architect, of Washington, is a Colonial type brick and 
frame structure, built by a concessionaire without Government cost. 

Supervision. The work was done under the direction of the Depart- 
ment of Agriculture, Bureau of Public Roads, Thomas H. MacDonald, 
Chief. The design and construction were in direct charge of R. E. 
Toms, Principal Highway Engineer, and J. W. Johnson, District 
Engineer, respectively, assisted by J. V. McNary, Senior Highway 
Bridge Engineer in charge of the bridges and Wilbur H. Simonson, 
Senior Landscape Architect in charge of the landscape work. Jay 
Downer, Chief Engineer and Gilmore D. Clarke, Landscape Architect 
for the Westchester County, New York Park Commission were con- 
sultants for the work. Henry Nye, Landscape Plantsman for the 
Westchester County, New York, Park Commission collaborated in the 
preparation and execution of the planting plans. 


Readers are referred to the JounNAu for Oct. 1932 (Vol. 29), for discussion which may 
develop. Such discussion should reach the Secretary by Aug. 1, 1932. 





Discussion of a paper by C. H. Jumper: 


“Tests OF INTEGRAL AND SURFACE WATERPROOFINGS FOR 
CONCRETE’’* 


BY NATHAN C. JOHNSONT 


No problem is more important to the construction industry than 
that of waterproofness or means of obtaining waterproofness in con- 
structions involving or employing cement as a binding medium, for 
cement constructions are never proof against water in its various forms, 
whether as bulked fluid, as in tanks, reservoirs, ground water, etc., 
or as in raindrops, or as in fog or mist. 

As was pointed out by the writer in a series of articles in the Engi- 
neering News Record (Feb. 14, 21, 1929, Jan. 24, 1931) the nature of 
hydrated cement makes true water-tightness a physical impossibility, 
as evidenced by careful measurement by advanced and impersonal 
methods of study; and the common usages of cement make some means 
of aid and of repair an imperative necessity. 

Mr. Jumper, concedely, has operated within severe laboratory 
limitations. His conclusions, hedged about by these limitations, are 
as they are, but have little or no bearing on the severe conditions of 
commercial work, where many of the methods he condemns are pro- 
ducing most helpful results and where many of those he approves are 
failing most miserably. 

As of integral waterproofings, the paper is interesting, as it is 
indeed, throughout. 


Methods and means of doubtful value flourish only on the promise 
of meeting the acute and universal need that exists for having some 
means of making concrete proof against water. Were there no need, 
there would be no offerings of helping media of real or alleged effec- 
tiveness. 

Some day, by some one, a way will be found to help materially in 
meeting this need, but along with it must go a reform in commercial 





*A.C. 1. Journat, Dec. 1931; Proceedings Vol. 28, p. 209. 
tConsulting Engineer, New York, N. Y. 
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procedures and possibly a reform in cement making. As of both of 
these, not enough could be said. Today the quality and qualities and 
abilities of cement are so widely at variance from bag to bag and brand 
to brand and shipment to shipment that the water-resisting qualities of 
the resultant concrete cannot but vary widely. The cry of ‘‘more 
cement”’ as a waterproofer is not well founded in reason or fact. 

As of colorless waterproofers, which seem, on this report, all to be 
deficient except linseed or chinawood cut-backs, Mr. Jumper has for- 
gotten a few aspects of the question which he should remember. 

Any of these quasi-varnishes may protect a laboratory ring of 
concrete foratime. But out in the weather and the sun and on hundreds 
of thousands and even millions of square feet, the story is different, as 
many a blackened building and many a bad failure bear witness. 

As of all after-applied coatings, it may be taken as fact that deep 
penetration, rather than surface films, is a first requisite; and that 
materials non-saponifiable and non-carbonizable alone can be of aid 
or value. 

These points Mr. Jumper omits from his study, so far as is known 
or apparent. A clear, definite and concise statement of principles 
would have added much to this paper. 

In conclusion, it is not believed that Mr. Jumper has set out to 
show that nothing is any good, because if he does so, he must include 
cement in the condemnation. 

But it is believed, since the efforts of so many skilled, conscientious 
and earnest men seem from his conclusions to be of no avail, that this 
paper would gain in force and in credibility and in weight if Mr. 
Jumper and/or the Bureau of which he is a part would be less aloof 
from the practical art and would show, on their own, how the anxious 
industrial world may in fact attain the ends it needs so badly in its 
business. 


BY GEORGE A. SMITH* 


It is interesting and significant that to obtain a reasonably large 
rate of flow through small concrete specimens, it was necessary to use 
a lean harsh mix and a high w/c ratio. In arriving at the 1:3:6 mix 
used, various mixes were tried with varying quantities of cement and 
water; relatively poor concrete under the tests conditions was imper- 
meable or gave erratic results. That they were sometimes relatively 
impermeable, sometimes permeable, indicates some accidental condi- 
tion. It is to be remembered that we are dealing here with small 
laboratory samples made under conditions of nearly perfect technique 


*Concrete Research Engineer, Johns-Manville Sales Corp., New York, N. Y. 
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—conditions which do not apply in field-placed concrete. As there 
were variations of considerable magnitude they must have been due 
to accidental conditions. It is not humanly possible to sample a batch 
of concrete, particularly as lean a mix as that used, and have each 
sample exactly representative of the entire batch. Nor is it possible, 
in placing that sample, to have the particles arranged in any similar 
fashion. There will be bridging and separation and general irregularity 
even though placing technique may be nearly perfect, as no doubt it 
was in this instance. In the field, where technique is almost a minus 
quality, as compared with the laboratory, it is found that concrete, 
fairly good, in every respect but workability, has been pervious due 
to segregation, too dry a mix or poor placing. In Mr. Jumper’s data 
this phase of the problem has not been taken into account. 


In his preliminary work he found that changing the w/c ratio from 
.72 to .75 in a 1:2:4 mix made a difference relatively permeable to 
impermeable. It would be expected, normally, that the .72 w/c 
would result in the tightest concrete. However, this was not the case. 
Both the .75 and .79 w/e concrete were impervious, whereas the 
dryer mix was pervious and the results erratic. The reason for this 
probably is that the low w/c ratio resulted in a mix so dry that it 
would not consolidate sufficiently, using the jolting method, to give 
as dense a concrete as would have been obtained using a rodding 
method. This lack of compacting because of stiffness of mix would 
result in greater void space and greater continuity between the voids. 
The consequence naturally would be greater permeability. 


A similar condition probably existed in the instances of adding dry 
powdered materials to the 1:3:6 mix without allowing for the stiffening 
effect due to their addition. With such materials as lime, powdered 
flint, etec., which require only small amounts of water to compensate 
for their stiffening effect the result would not be so disastrous as in 
the case of diatomaceous earth. 


This material is known to require about twice its weight of additional 
water to maintain the same slump. Using a w/c ratio of 1.25, as was 
done in the tests, in a 1:3:6 mix would result in a slump of about two 
inches. Stiffening the mix by the addition of diatomaceous earth, 
without adding requisite water for the same slump would give a dry, 
harsh, crumbly mix not compactable under jolting. The result would 
be like drying up the 1:2:4 mix discussed above. It is of interest 
that when this concrete was rodded in forming the cylinder specimens, 
the absorption was not materially different from that of the plain 
specimens and the strength showed a material increase. 
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Though diatomaceous silica is not a waterproofing material through 
being water repellent, it assists in reasonable mixes gauged to reason- 
able slumps, in rendering a job watertight because of its effect on the 
workability. By rendering the concrete more workable a more nearly 
perfect structure would result, because segregation is the cause of 
most difficulty. In the field and under actual construction the concrete 
is usually made with a reasonable cement content, which according to 
Mr. Jumper would be relatively impervious, provided of course it 
is uniform. Professors White and Bateman! in discussing their data 
commented on lack of uniformity as follows: ‘‘It is also to be noted, 
however, tht even in concrete as carefully made as these test speci- 
mens, lack of uniformity was made evident by uneven penetration of 
water.” 

The marked increase in permeability shown by specimens containing 
soaps, is in direct contrast to the indications obtained by Professors 
White and Bateman. They used a 1:2:4 mix and found that in every 
case the use of integral soaps reduced the permeability. In Mr. 
Jumper’s tests (See Fig. 5) none of the soaps appears to have reduced 
permeability. In fact there appears to have been a marked increase. 

It has been the writer’s experience that with ammonium stearate 
in cement pastes, more water is required for given fluidity. This 
being the case here again the stiffer mix may have been effective in 
preventing a consolidation of the concrete as in the cases previously 
mentioned. It is also possible in a 1:3:6 mix that the sizes of the 
capillary openings which permit the ingress of water were so large that 
the water repellent action of the soaps was relatively ineffective. How- 
ever, the results should have been more nearly in line with the data 
obtained on the plain concrete had there been no difference in con- 
cretes other than that of water repellency. 

That the calcium chloride specimens in general should have shown 
up unfavorably is somewhat surprising. There is hardly any condition 
in such concretes that should have any particular effect one way or 
the other on the permeability except possibly a decrease due to 
increased early hydration. About the only condition that could have 
any effect would be a variation in the uniformity due to the leanness 
of the mix used. 

A 1:3:6 mix is so far from mixes used in structures designed to resist 
permeation of water that it is questionable if the results obtained are 
indicative of conditions in job concrete. The contradictory indications 
obtained by Professors White and Bateman when using a 1:2:4 mix 
appear to substantiate this statement. 


1Soaps as Integral Waterproofings for Concrete, Alfred H. White and John H. Bateman—A. C. I. 
Proceedings, 1926, Vol. 22, page 535. 


Readers are referred to the JouRNAL for October 1932 (Vol. 29), for further discussion. 
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Cast STONE AS A MEANS TO COLOR IN ARCHITECTURE* 
BY FRED R. LEART 


Ow1NnG to Man’s search for relief from the restrictions of a machine 
age, we are entering upon the most colorful epoch of modern history. 
All about us we see the results of a demand for color, more color. 
Witness this in the variegated motor cars offered by automobile 
manufacturers in the last few years. New color schemes go hand in 
hand with free wheeling. In our kitchens, cheerfulness is introduced 
in the colors of the fixtures and appointments. And even in the cooking 
utensils themselves, our wives demand pleasing colors where our 
mothers looked for service alone. Compare the gay gowns that our 
ladies wear for a day with the somber long service dresses worn by 
our grandmothers. In fact, we are said to be ‘“‘color minded” and are 
far better equipped to satisfy our desire for color than in any previous 
era. The rapid development in various lines of coloration is but one 
more step in Man’s ceaseless efforts to gratify his inherent desire for 
beauty. 

Without some decoration, the mechanical precision of functional 
buildings can never fully satisfy our aesthetic tastes. Looking back on 
architectural history, we find that the styles involving simple surfaces 
were always the richest in their materials. So now, when the modern 
style is striving to solve new structural forms and calls for a simplified 
treatment, the character of the surfaces must be more carefully 
studied. And we naturally turn to more colorful effects to relieve 
the monotony and hardness that is likely to result in the designs of 
today. Here is cast stone’s golden opportunity. 

Cast stone, in common with most man-made building materials, 
passed through a long incubation period, in which it imitated natural 
products. This extended from the first rock-face cement blocks down 
to the realistic reproductions of marbles and granites. Although there 
is still a demand for cast stone in this capacity, let us aim to capture 
the spirit of the beautiful colors of nature rather than make slavish 
copies. It seems that some timidity still persists. No apology need 
be made for cut cast stone simply because it is manufactured. Let us 


*Presented at the 28th Annual Convention, Washington, D. C., Mar. 1-4, 1932 
+Professor in charge of Architectural Design, Syracuse University. 
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but realize that civilization advances because man is never satisfied 
with things as he finds them and strives to improve conditions. But 
for his ingenious and searching nature, we would be killing our dinner 
with a handy stone and warming ourselves in a huddle about a camp 
fire in a cave. Cast stone is one of the results of man’s effort to im- 
prove on natural building stones and has been perfected to the point 
where, because of its intrinsic value, it has justly established its worth 
in the tests for form, strength, durability and color. 


This address is not concerned with all of the fine qualities cut cast 
stone must possess to meet the demands of modern construction. Let 
me talk about its one great possibility, the power to contribute to the 
beauty of buildings. To my mind, this is the factor that gives it its 
greatest advantage and appeal. Let us, however, be frank and admit 
that it has some natural limitations, in the color field; but it has such 
a wide range and great variety that it is destined to become our fore- 
most chromatic building material. 


For example, it is made in a full scale of neutral grays. The passing 
vogue of buildings designed in the bold contrast of black and white 
has been met by the development of perfect cast stone with these 
extremities of value. It can now be produced in an almost complete 
rainbow of hues that afford limitless combinations to please the eye. 
In addition there are the tints and shades of each hue that add even 
greater possibilities. And in all its colors there is richness caused by 
the graying effect of the cement. When carefully selected and tested 
pigments are used cast stone shows but slight fading and discoloration. 
The loss of color being much less than in corresponding natural 
stones that are at all near to its cost level. With age it takes on a 
mellowness and charm that is denied to most vitreous products. 
Then too, when the cast stone is homogenious throughout its mass, it 
can be cleaned or resurfaced the same as natural stone. 


The great benefit of flexibility of color is at once apparent in build- 
ings combining brick and stone. When natural stone trim is used, 
the architect may first select the kind of stone and be restricted in 
his brick coloration or he may choose a brick which he admires and 
neglect the relation of the colors of the brick and stone. Both methods 
give poor and mediocre results. This can be readily understood if we 
consider that a nominal ‘‘red”’ brick has a variation in hue from orange 
to red violet. When cast stone and brick are combined, the architect 
can choose the desired brick and then select for the trim just the right 
hue to give the proper color harmony and then vary the tint of this 
color to brink out the exact contrast that the composition needs. 
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This great possibility of color treatment brings a corresponding 
grave responsibility and behooves all architects and owners to study 
and appreciate the harmony of color. They must know that all color 
is light. That is, color is not the result of direct contact with a pigment 
or colored dye. It is the reaction to a stimulus brought to our eyes on 
the ‘wings of light.’””’ Color harmony is the relation of the various light 
reactions and is as separate from the mixing of pigments as the mechan- 
ism of a piano is apart from the harmony of music. Our color schemes, 
therefore, must be based upon light reactions. 


There are several theories concerning these, each one influenced by 
the view-point of its author. Here we may side step the argument 
over the nature of light, as we are interested primarily in its effects. 
The theory that founds color analysis on three primary light sensations; 
red, blue, and green, explains the artistic questions in design. This is 
generally known as “color by addition.” It aids us to anticipate and 
understand color effects, to group these effects under kinds of harmony, 
and to correct displeasing results. However, we must sense that color 
and design appeal to human emotions and must, therefore, remain in 
the realm of opinion and cannot be reduced to fixed laws and cold 
formulas, as can the structural problems of the engineer. 


When the architect or artist makes a colored rendering of a proposed 
edifice he does not select a single color and paint every part of the 
building with it. No. He introduces variations of hue and value in 
the rendering of the various surfaces. This is the expression of the 
effect he really desires in the building. He should know that the 
building itself can have exactly this effect, by the introduction of these 
same gradations in the color of the material of which it is built. Cast 
stone is an ideal medium for such a scheme, because in it we have 
absolute color control and the designer may have the colors he wants 
exactly where he wants them. 


The next easy step in harmonious treatment, is the gradation of the 
color of a building in intervals of a rhythmic progression. This may 
be several values of a single hue or it may be made more interesting 
by using a number of closely related hues. The colors may be darker 
at the top or the bottom. The latter gives a feeling of greater stability 
and is more practical from the dirt standpoint. 


We cannot omit the newest element to produce beauty—color 
lighting. When a building is erected of a white, light gray or very pale 
tints, cut cast stone affords a wonderful background for beautiful 
lighting. But when, colored lighting is to be used upon a structure 
erected of colored material, there is a grave danger of disastrous 
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results. If such a combination is to be used, the colors of both ma- 
terials and lights must be conceived together so that they may be 
tested out before the building is begun. Absorption of light by the 
colored surfaces is the condition that should be carefully studied. We 
cannot get a certain color to result in a light combination unless that 
color is present in both the light and the material on which it shines. 
In addition to this, colored lights have other destructive actions. Per- 
haps the guiltiest of colors is red. This not only turns blues and greens 
to black by absorption but it changes all yellows to oranges, while red 
and red-violets appear as white under a red light. In both these 
cases the effects are for night only. Would it not be more logical to 
build with the desired colors and then illuminate with clear light, so as 
to have the beauty of the design visible both day and night? 

There is still too much designing done without the consideration of 
color and when we find the clause, ‘color and finish to be selected”’ 
in the stone specifications, it gives this weakness away. And we may 
expect the effect to be mediocre or accidental. 

From the beginning of a job, an Architect must study to adjust the 
plan to the demands of use and structure and, at the same time, carry 
on a search in the arrangement of the principle masses of the design. 
These are fundamental and at first crude, but they develop as the study 
progresses. The proportion and relation of these masses are the back- 
bone of the design and far more important than exterior secondary 
sub-divisions and details. Let me point out that the relative colors 
(involving both hue and value) of these masses are just as much a 
part of the composition as are their relative dimensions. In fact, these 
colors have a direct effect upon the apparent dimensions and as com- 
position is all a question of apparent relations, it is logical that the 
color scheme should be a part of the original mass conception and 
influence the development as the design progresses. As soon as de- 
signers recognize this importance to architectural design, color will 
step out of its restricted role as decoration and trimming to play a 
major part. Then colored masses will be united to build up the forms 
of single buildings and elaborate groups, involving the complex forms 
of color harmony, and cut cast stone is admirably fitted to contribute 
the surfaces that, contrasted and blended, will produce a symphony 
of light and color. 


Editor’s Note—In the course of his address Professor Lear displayed samples of 
cast stone in easy gradations of color value and in pronounced contrasts—variations 
in reds, running through the oranges, yellows, yellow-greens, greens of considerable 
range—representing a large number of possible combinations and by means of 
electric lights and cast stone panels, greatly enriched the suggestion value of his remarks 
on the color possibilities of concrete stone in architecture. 
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CONVENTION DISCUSSION 

Chairman Lindau: Is there anything you would like to ask Professor 
Lear? I think we might ask him his theory as to why we are demand- 
ing more color and greater contrasts as we are becoming more civilized. 
The general theory has been that it is the savages who like the con- 
trasts and the vivid colors. 

Professor Lear: There are contrasts and contrasts. I think civiliza- 
tion will never be satisfied with a combination of purple and orange, 
for instance; that is a savage contrast. The use of bright colors does 
not mean harmony; they must be the right colors; that is civilization; 
that is what we shall have—more colorful effects, more rest, more 
repose in the colors than the savages have. 


Gentoku Shimamoto: ¥ should like to inquire what is the material 
that imparts the color to the cast stone you have shown? 


Professor Lear: The coloration is produced by the use of pigments 
mixed with aggregate and cement; pigments are carefully selected and 
tested; otherwise colors might fade altogether too much. Most of the 
pigments are mineral colorings. In connection with that question, 
let us be frank; there is some fading; these cast stone colors are not all 
absolutely permanent. A hundred years from now a green would 
not be the same; it would be faded; but what natural stone anywhere 
near the price level of this material would last as long? That. is the 
way to look at it, not is it absolutely permanent but how does it com- 
pare with other products? On the other hand, the fading lends a 
mellowness with age. If you had a building a hundred years old, you 
would not want to have it look as though it had been built the day 
before. Age is one of the factors in design and in beauty. 

Chairman Lindau: I am going to ask Mr. Earley to discuss the 
matter a little, if he will, please. 

John J. Earley: 1 think it is a beautiful job in presenting the possi- 
bilities of color in architecture, and I think it would be very nice if 
Professor Lear would explain, on this point, whether he thinks that 
colors which are indicated in so-called futuristic designs, are capable 
of production in artificial stone by any method of pigmentation? 
Is it true that pigmenting in artificial stone will interfere with the 
strength of the stone before a value in chroma or hue have been reached 
compatible with modernistie design? 

Professor Lear: By modernistice design, I think you mean the vivid 
coloration? ; 
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Mr. Earley: In modernistic design I am assuming a denseness in 
color which will bring the hues to color, in liberal values. It would 
say that such hues and value in chroma as we find in these curtains, 
even in the doors here, while their application might not be most 
pleasing, would be, undoubtedly, factors in architectural design. We 
find such things exemplified in the exteriors of shall we say, the Greek 
buildings where chroma was very strong, and in the facades of such 
buildings as St. Mark’s, in Venice, where marble slabs were applied 
over a brick structure. Originally those marble slabs were filled with 
hues, they were supplemented by glass enamels, mosaics, whose colors 
were far above medium values. Again, the facades of Venetian 
buildings. We find the tendency to such hues now in modern designs, 
the question is, do you think that by methods of pigmentation, arti- 
ficial stone can be raised to those strengths of color without impairing 
the strength of the stone? 


Professor Lear: These samples here contain about three-fourths of 
the amount of pigment that it would be possible to use in them. It is 
not possible to produce very vivid colors in the stone itself; there are 
limitations. When you go beyond the limitations of the material, 
you have to go into something else to produce striking colors. However 
by the introduction of black in the design, the lighter tints gain force. 
You refer to the doors; of course, they would be another material. 
There is not much color in this auditorium, other than that of the 
doors, that could not be produced without detriment to the structure 
of the stone. By using an aggregate more in sympathy with the colora- 
tion, more intense color is possible. The cast stone samples I have 
shown except the black and one piece of granite are all of the same 
aggregates; the only difference being in the pigment coloration. It is 
hard to say whether the color could be brought up to the demands of 
modernistic work. Is not that only a transient movement? In ten 
years we may have different tendencies. 

Mr. Earley: Undoubtedly, but I am trying to think that the stand- 
ard of values ten years from now will be very much higher than at 
present; we are becoming more skilled in the management of strong 
colors; we understand harmony and contrast; we find, a definite 
tendency, in reviewing projects with architects, to use very consider- 
able color. For instance, we may say that the curtains to which we 
have referred are green, with maybe a value of four; the doors red, 
with maybe a value of four chromagens. I know of a building project 
under consideration, in which, if the plans mature as they are conceived, 
the facade will have a perfect blue, what you might call, the popular 
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conception of blue. It will have a value of three in a chroma of eight 
or nine, and the building will be trimmed with stainless steel similar 
in its value to silver. Now, that is a marked contrast and it is an 
indication of the trend. 


Professor Lear: Why are we striving in the modernistic? The 
modernistic, to my mind, represents an effort to find the proper 
clothing for a new and different kind of construction. It took man a 
good many centuries to learn to use stone. Now, suddenly, he has 
struck upon an absolutely new building construction—steel and 
concrete. Whenever, in the history of architecture, a new construc- 
tion is introduced, it always produces at first, some froth, I mean 
efforts this way and that way, and new efforts are made until finally 
our children will read in the architectural history of these efforts, 
and only read, of the distinct progression or advancement made in 
order to solve the decorative treatment for these new methods of 
construction. Looking back on architectural history, the new con- 
struction is always simple as to its surfaces and the means are taken 
up entirely with construction; and in the simplest surfaces, you have 
the richest materials—I mean, when you arrive at what was known as 
the style, say of the Byzantine simple surfaces. Highly decorative 
cast stone is ideal for that, because it gives the color in those simple 
surfaces to relieve the monotony which might otherwise result. 
Whether we will keep the bright colors and produce a method of 
coloring artificial stone and other products to meet that demand, or 
whether the demand for color will be subdued later on, is a question 
I cannot answer because we are in a transition period. We have only 
to bear in mind that design and color are matters of opinion. They 
must always remain in that realm; they cannot be reduced to any hard 
formulas, as can the structural problems of the engineers. 


Mr. Earley: Would you say then, that I would be correct in assum- 
ing that cast stone is a transition material, just as electric light fixtures 
in the use of a new illuminant, were reminiscent of old forms, many 
of them produced as candelabra or lamps, and only recently assuming 
forms distinctively their own and fitted to electric lighting? Might I 
then assume that cast stone is in a similar transition stage and that 
the material which will truly describe the design of which you speak, 
in developing modern construction, will be another concrete product 
capable of greater color, capable of greater strength and greater 
adaptability? 


Professor Lear: Well you have asked me something I cannot answer; 





596 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE—Proceedings 


I wish I could. If I were a prophet and could forsee or foretell, I 
could perhaps do better. 


Readers are referred to the JouRNAuL for November (Vol. 29) for discussion which may 
Such discussion should reach the Secretary by September 1, 1932. 


develop. 








BENDING AND TORSION IN HORIZONTALLY CURVED BEAMS 
BY I. OESTERBLOM* 


Horizontally curved beams are frequently used in building construc- 
tion and also in heavier engineering structures, but, while both straight 
and arched beams have been thoroughly treated by competent author- 
ities, the curved beam has received scant attention. 


What little information there is, usually is based on the assumption 
that the curved beam is statically determinate, which, obviously, it 
cannot be even in its most elementary form. It cannot be freely 
supported, except as a continuous beam; it generally is used as a 
fixed-end beam. In either case it contains one or more redundant 
elements. 


There are good reasons for omission of a general theory: there are 
mathematical difficulties seemingly out of proportion to the importance 
of the subject. A general solution is complicated, even more so than 
for arches, due to the forces being scattered in space, so to speak, and 
located apart from the plane of the curvature. It must hence be a 
solution in three dimensions. 


A general solution is hardly necessary, however. One may assume 
the simple case of complete fixity at the supports and also uniform 
loading and thereby cover the major part of the problems actually 
occurring in practice. Indeed the equations for this special case also 
will give fair approximations for concentrated loads, provided there 
are at least four and uniformly spaced. 

Assuming then this special and simple case it is quite possible to 
develop equations of general character and simple form, so that any 
problems within the range of the conditions assumed may be solved 
both quickly and accurately. 


It is the purpose of this article to develop the necessary equations 
and to extract from them all essential data, as they may be needed for 
purposes of analysis or design. Given this information the competent 
engineer may then provide his own modifications for various degrees 
of fixity, which, fortunately, is the smaller part of the problem. 


*Chicago, Il. 
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First we need to know, because it is fundamental in all our subsequent work, the 
cantilever moment of a curved beam fixed at one end. 


Let the uniform loading be w, the bending moment M,, and the torsion moment 
M;. For further symbols see plan view, Fig. 1. 


Distance from centroid of arc AB to center of circle: 


si = Sate 
r sin— 
le 2 


a 


2 
Lever arm for bending: 








1 eine” 2r .e 
— oo gia 
2 oe 


Lever arm for torsion: 





2r 


Qa ‘ a a 
r — l cos— = r —— sin — cos — 
2 a 2 7 
Fia. 1 
Length of are AB = ra (a measured in radians); total load on are AB = wr a. 
Cantilever moments therefore: 
2r a a 
My = tra — gin*— = Qwriain® —..... 6... cee ees (1) 
a 2 2 
2r . @ a , (@ . aa a 
M, = wra({r— — sin — cos —}) = 2wr? (——sin- cos —)...... ae 
a 2 2 2 2 2 


Now let us take a curved beam, fixed at both ends, as shown in Fig. 2, uniform 
unit loading as before to be w. The symmetry conditions, which we have established 
by assuming uniformity of loading and equal fixity at the ends, will cause a no- 
torsion and no-shear condition at the midpoint C. 








Fig. 2 


Should we therefore consider the portion CB of the beam with the one end severed 
at C and the other fixed at B, so that CB would act as a statically determinate canti- 
lever, it would only take a bending moment M¢ at C to re-establish actual conditions 
of loading and support as assumed. Mc acting on CB would hence be our only 
redundant condition. 

On this basis let us select any point Q on the cantilever CB and write the equation 
for the actual bending and torsion moments at this point. We have: 
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a 
Mao = Mc cosa — M, = Me cos a — 2ur* sin? Sag Wi sata im as OF Ee aD (3) 
4 , a 7 a a 
Mo: = Mcsina— M, = Me sin a — 2ur? (¢ —sin > cos *) eee oe, ee (4) 
It is now desired to know Mc. 


Unfortunately for the purpose of finding the redundant Mc there seem to be no 
“special” or “short cut’? methods applicable. We must resort to the fundamental 
theorem of least work. Assuming that temperature and shear forces may be neglected, 
the total work in the beam between points A and B is given by the following equation: 


1 B 1 B 
W= — M%q, d re ee Oe ee. ioe ee ree 5 
EI Je adat+ a ff — 6) 


Following the method of Castigliano we may now differentiate the internal work 
in relation to the redundant and equate the derivative to zero. To conform with 
custom, which provides for more than one redundant, the form of partial derivatives 
is used. 


aw ss 2 “ IMe 2 A aM . 
aM. El Je Me 59 + Gr, J, MetaMte 14 =O------ . (6) 


From equations (3) and (4) we find directly and quickly the partial derivatives 
under the integration signs: 
aMc 


Using equations (3), (4), (7), and (8) equation (6) may now be transformed to read: 


B B 
Me ? Me 7 
- co’ ada + — sin? ada = 
EI Cc Gl, Cc 
B 4 
2wr 8 F wrt ° . F 
ae sin? — cos a da + asin a da 
El Cc 2 GI, Cc 
a 3 
Quer? . ; 
er sin 
GI, Cc 


After all the trigonometric functions of this equation have been brought to ele- 
mentary forms, it may be integrated as noted. The limits: 6 for B and 0 for C, 
are ascertained from Fig. 2. The results are assembled in the following equations: 








“ OMa: : ' 
= COBa@..... diss ae one boi SPAM 25, «soa oat coeameaen (8) 
OMe 








cos eee nil os A SGT ee (9) 


nie 
nroiR 


: 2(K + 1) sn O 2K 0 cos @ 
Us -— — — — ——., (10) 
(K +1) © (K 1) sin 8 cos O 
EI 
a we. ee cis io 
GI, 
Me = wr? (U ) PRR ar. “ure @. (12) 


Here Mc is expressed entirely in known elements of the structure or material, 
the symbols of equation (11) being merely the conventional constants of cross sec- 
tion and elasticity: 


E modulus of elasticity for direct stress 
G modulus of elasticity for shear 
] equatorial moment of inertia 
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I, torsional moment of inertia. 


With the redundant now expressed in known elements the general equations for 
moments may be re-written in terms of these elements: 


Ma 


wr [w —1) cos a — 2 sin’ © | = wr? (U cos a SS ee ..(13) 
and 
Ma = wr? [«w- -1) sina —2 (< — sin - cos =) | = wrt(U sin a — a) ..(14) 


Using these equations the moments at the supports are found by making a = 0 
M» = wr*(U cos 0 1) 
and 


Ms, = ur*? (U sine 0) 


Aoment Data 
h/o =2 6 =1/3 
K=3:25 UrT.\39 
Me=.\39we] Map=.43iwe? 
Mer =046Wr" Mpt=.06Iwr? 
M228 34 |X =50°0S’ 






































Fic. 3—HorIZONTALLY CURVED BEAM. TYPICAL MOMENT DIAGRAM 


It is quite clear from the simple form of the four equations (13) to (16) as well as 
equation (12) that all the moments may be quickly figured as soon as U is known. 

The equations so far found may now be used to establish the magnitude as well 
as points of location of maximum and zero moments. 

For maximum bending differentiate equation (13), equate the derivative to zero 
and solve for a: 


dM +) - F 
: wr? U sina 0 
da 
from which 
sina = 0 and a =0 (17) 


Maximum bending is therefore at the midpoint C and 

Max. Mg = Mc = wr? (U Ae >. af88) 
There is obviously also a maximum at each point of support, but this is not discov- 
erable by differentiation, because the curve of moments is discontinuous at these 
points. We have hence also: 


Max. Ma, wr? (U cos 8 1) (19) 
In like manner for torsion we have from equation (14): 
d Me: 


wr? (U cosa 1) 0 
da 


from which 
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1 (20 
cos en og Ee TD Oe eR OT EEE Pee OEE Eee v4 
a i ) 
and 
ere l 
Max. Mg, = wr? (ve — 1 — cos U ) Pied nce tates (21) 


Equation (21) is not so useful; it is better to solve for a from equation (20) and then 
for Mg, directly from equation (14). 
For zero bending equation (13) is equated to 0, from which directly 
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ll 
i 
= 
Oo 
DR 
= 
Ce 
— 
to 
to 

~~ 


cosa = 


It should be noted that equations (22) and (20) are identical, which means that zero 
bending and maximum torsion occur at the same point. 


For torsion as well as for bending there are additional maxima at points of support: 
Max. Mg; = wr* (U sin @ — @)...............000. (23) 
To locate points of zero torsion equate equation (14) to 0, from which 


sin a 1 sin a; 





a U a 
This expression is indeterminate for a = 0, where we know there is zero torsion. 
For the two maxima on either branch of the beam, however, the equation applies 
as given. 

Although it is obvious from the text it possibly should be noted that 
a, = angle from Y-axis to radius through point of zero bending. 

a; = angle from Y-axis to radius through point of zero torsion. 

The final results are expressed in equations (12) to (24), all of which are 
simple, and all of which also, except one, contain the symbol U. The equation for 
this symbol, unfortunately, is not so simple, and it would require a great deal of 
work to find its value for each individual case. 

To make the equations truly useful U therefore must be figured for points on the 
circle close enough to permit fairly accurate interpolation. The points are the sup- 
port points as measured by the angle 6 and as shown in detail by equation (10). 

U is a function of K and therefore K must be figured first. 

On the basis of many experiments we may say that 


We further know that 


Pen cue denie a erel na geveis es . . (26) 


in which 

A = area of section 

I, = polar moment of inertia. 

For a rectangular section, therefore, 
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bth ~~ 3b%h3 
I, = a a Soe eT Ore er 
bh® = 10(b* + h?) 





12 12 
By combining equations (25), (26), and (28) we get 
bh? 10(b? + h’) ) 





K = 2.35 ——- = 6511 + — 


a See —— 
12 3b5h3 b? (29) 


In practice h/b should vary between the limits of 1 and 4; a study 
of equation (10) will show that one should not go below 1 and a know- 
ledge of torsional shear distribution that one should not go above 4. 
(For details of torsional shear see the works of de St. Venant, Foppl, 
Bach, and Swain.) Assuming these limits we may then tabulate K 
values. 

TABLE 1—K VALUES 
h/b 1 14 2 \% 3 3% 4 
K 1.30 2.11 3.25 4.72 6.50 8.63 11.05 

The labor involved makes it quite out of the question to figure 
U-values for all these K-values as well as the 0-values most likely to 
occur in practice. Fortunately the range of U-values between maxi- 
mum and minimum K-values is not very large and the intermediate 
K-values of the table need not be used unless greater accuracy be 
needed than may be obtained by interpolation from the table of U- 
values or moment graphs derived therefrom. 


Assuming then a maximum, an average, and a minimum K-value, 
also 0-values in increment of 7/2 we have the very important and 
useful Table 2. Although the work on this table is considerable, it 
has been completely checked by independent refiguring, and is there- 
fore believed to be accurate. 

TABLE 2—-U-VALUES 


Curve 30° 60° 90° 120° 150° 180 
Die 6 . mw /12 ade en r/3 5 2/12 w/2 
+ Mate ; ‘= 11.05 1.010 1 037 1.074 1. 125 1.191 1.273 
my an - 3. 25 1 Ou , 1 O41 1.089 1.139 1.202 1.273 
ae : . 1.30 1.011 1.043 1.092 1.151 1.213 1.273 


It is in the nature of the solution and at the same time very curious 
that the bending moment should be a function of the cross section of 
the beam; it is equally curious that this feature, through cancellation 
of elements, disappears for the special case of 8 = 7/12. For this 
case all the U-values are the same, and naturally also all the moments 
depending on these U-values, 
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Based on the table of U-values we may now figure corresponding 
values for all the equations from (12) to (24) and assemble these in a 
general table to assist in the rapid design and analysis of uniformly 
loaded and fixed ended curved beams. We may also plot the principal 
items in a series of graphs to assist in the task, when interpolation is 
required. 

To assist in the interpretation of the table and the graphs the sym- 


bols used, and their meaning, are repeated and assembled: 
Ms, = Bending moment at point of support 

Mz: = Torsion moment at point of support 

Mc = Bending moment at midpoint. 

Motmeaz. = Maximum torsion moment, intermediate. 

a = Angle from Y-axis to radius for point of zero bending. 

a; = Angle from Y-axis to radius for point of zero torsion 


TABLE 3—HORIZONTALLY CURVED BEAMS—MOMENT FACTORS AND POINT ANGLES 
































Curve 30° 60° 90° 120° 150° 180° 
8 w/12 r/6 a/4 x/3 5 #/12 a /2 
a Mp 0.024 0.103 0.241 0.438 0.692 1.000 
—} a 8°40’ 16°35’ 23°41’ 29° 40’ 34°30’ 38°14’ 
= Me 0.010 0.037 0.074 0.125 0.191 0.273 
tl ——E 
“ol Ma: 0.000 0.005 0.026 0.073 0.159 0.298 
ae 13°50’ 26°40’ 37°10’ 47°30’ 57°40’ 67°25’ 
<a Ma 0.001 0.006 0.018 0.039 0.073 0.112 max 
Mp 0.023 0.098 0.230 0.431 0.689 1.000 
s a 8°34’ 16°11’ 23°22’ 28°34’ 33°40’ 38°14’ 
a Mc 0.011 0.041 0.089 0.139 0.202 0.273 
o — a “ — 
if Mae 0.000 0.003 0.015 0.061 0.138 0.298 
3m 14°35’ 28°05’ 40°35’ 49°50’ 59°05’ 67° 25’ 
<5 0 Mat 0.001 0.008 0.024 0.046 0.07 0.112 max 
Mp 0.023 0.096 0.228 0.425 0.686 1.000 
3 as 8°15’ 15°15’ 21°25’ 27°15’ 32°54’ 38° 14’ 
+ Mc 0.011 0.043 0.092 0.151 0.213 0.273 
os Mies 0.000 0.002 0.013 0.051 0. 137 0.298 
?- eee 14°35’ 28° 40’ 41°20’ 51°50’ 60° 25’ 67°25’ 
Mig Mat 0.001 0.008 0.025 0.052 0.085 0.112 max 





The support moments, obviously, have reference to the axis of the 
curved beam at the points of support. Support is usually provided by 
a lintel beam longitudinally and a cross beam transversly. Ample 
provision for proper stiffness and strength in the direction of these two 
beams must now be provided. For each problem a diagram of moments 
therefore must be drawn for the points of support and the magnitude 
of the reaction moments ascertained by graphic or analytic method. 
It is essential that the building frame be made both stiff enough and 
strong enough to resist the moments set up by the overhang of the 
curved beam, and in attending to this it should be remembered that the 
stiffness is even more important than the strength. 


Readers are referred to the JouRNAL for November (Vol. 29) for discussion which may 
develop. Such discussion should reach the Secretary by September 1, 1932. 














ADVANTAGES IN THE USE or HIGH STRENGTH CONCRETES 
BY THOMAS T. TOWLES* 


INTRODUCTION 


Ir 1s probable that there are few subjects to which engineers and 
designers in this country and abroad are giving more serious consider- 
ation than to the possibilities in the use of concrete of a strength very 
much in excess of the commonly accepted standards of today. The 
subject is not one of merely speculative interest, but of an immediate 
practical importance. 

It is important for us to have clearly in mind the more obvious 
results of designs based on present-day strengths with results that 
would be obtained if we materially increased the strength standard. 

In this country, so far as I am aware, there are few important 
structures in which the compression produced from positive bending 
(f.) has been allowed to exceed materially 1,000 p.s.i. or concentric 
compression (f.-), 750 p.s.i. The most usual figure for f. is 750 p.s.i., 
and certain building codes make a further restriction to 650 p.s.i. 
For purposes of comparison, and in order to illustrate the range of 
possibilities so far as we can see them at present, let us make the 
assumption that it would be possible to manufacture satisfactorily 
concrete of a 28-day strength of 7,000 p.s.i. While concrete of this 
strength has so far been produced only under laboratory test condi- 
tions, the effective realization in practical work of concrete of this 
quality is not in my opinion merely a remote possibility. Let us 
compare, also, with 28-day, 5,000-lb. concrete, a strength which can 
be realized in a practical way under present-day conditions. Assume, 
conservatively, that the extreme fibre stress in compression is limited 
to 37.5 per cent of this amount (under the 1928 A. C. I. reeommenda- 
tions 40 per cent is allowed), or to 2,600 and 1,850 p.s.i., respectively, 
and concentric compression to 25 per cent or 1,750 and 1,250 p.s.i. 

ARCH CONSTRUCTION 


Take the case of arch construction in which concrete fulfills most 
completely its function of carrying load by compression of the struc- 
*Stone & Webster Engineering Corporation, Boston. 
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tural members. Compare concrete of a strength f.. = 750 p.s.i. with 
concrete of a strength 1,750 and 1,250 p.s.i., and to simplify compari- 
sons assume that we are figuring arches of open spandrel construction 
in which the load is carried vertically at equal intervals to the arch 
ring or rib. Let w7s0, Wi,2s0, Wi,z50 = weight per ft. of arch rib. 

It will be found that the following ratios of weights will hold approx- 
imately for arches with solid ribs of the same type and proportions, 
with equal loads per ft. of length imposed upon the arch rings (exclusive 
of the dead load of the arch rings themselves), and for ordinary ratios 
of rise to span (say from '/; to 14). 


w7s0 10750 
W1760 W120 
For 50-ft. span 2.5 = 1.7 = 
100-ft. span 2.7 + 1.8 + 
150-ft. span 2.7 to 3.1 1.9 + 
200-ft. span 2.8 to 3.6 1.9 to 2.25 
250-ft. span 3.0 to 4.0 2.0 to 2.75 


For the same proportions in the arch ring, and for the same loading 
per ft. imposed upon the arch rib, it would be possible with 1,750-lb. 
concrete to construct a span with the same weight per ft. in the arch 
rib which would be 214 times as long as with 750-lb. and with 1,250-lb. 
concrete a span 124 times as long. 

These ratios would naturally be still more pronounced if there 
should be a reduction in the load reaching the arch rib through the 
use of higher strength concrete in the superstructure. 

The differences in fact are startling, and in the future when we have 
surmounted the practical difficulties of producing high strength con- 
cretes we may expect arch spans of unprecedented length. 

In regard to questions of cost, it cannot be assumed that even with 
marked development in the future in the technique of manufacturing 
high strength concretes the 7,000-lb. concrete could be laid in place 
except at a cost materially in advance of the 3,000-lb. product, accord- 
ing to my figures probably about 60 per cent. On the basis of a pro- 
portion of span weights of 1.6 to 1 it will be found that a 100-ft. span 
of 750-lb. concrete corresponds approximately in this ratio with a 125- 
ft. span of 1,750-lb. concrete and a 200-ft. span with a span of from 250 to 
300 ft. For 1,250-lb. concrete and a proportion of span weights of 
1.25 to 1 these equivalents will be found to approximate 120 ft. and 
from 240 to 250 ft., respectively. 

It is apparent that from the standpoint of cost there would be marked 
advantages in the use of high strength concretes, particularly for designs 
involving multiple arch spans, for single long span crossings, and for 
arches in which it is desired to keep the ratio of rise to span at a 
minimum. 
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BEAM CONSTRUCTION 


For flat slab or light beam and slab construction, such as would 
occur in building construction, there are probably no advantages in 
concretes of high strength, at least so far as cost is concerned, except 
those connected with the elimination of supports and foundations 
which would be effected by virtue of the longer spans possible. It 
must be held in mind that in such structures with reduction of weight 
not only the price per unit of volume of concrete advances materi- 
ally, but also the percentage of reinforcement. 


Suppose we examine designs for simple beams (uncomplicated by 
T-beam action) and compare results when f, = 1000 with f. = 2600 
and 1850, respectively. According to recent experiments the probable 
ralue of EF for 7,000-lb. concrete is about 4,250,000 and for 5,000-lb. 
about 3,700,000. This would give values of n equal to 7 and 8, .respec- 
tively. A value of n = 10 is used for 3,000-lb. concrete. However, a 
value of n = 12, which might be more proper for designs based on 
f. = 1000, would not materially affect the results given below. Using 
f. = 18,000, then by the straight line formula peso = .036, Pisso = 
.023, and the ratio of the percentages of steel or 

P2600 Piss0_ .« 


» = 3.6 and 2.3, respectively. 
Piooo §= P1000 





IP iain 


Let w’, w” = Total uniform load per ft. imposed upon the beam exclusive of the 
weight of the beam itself for 2,600-lb. or 1,850-lb. concretes and for 
1,000-lb. concrete, respectively. 


L = Span of beam either 2,600-lb. or 1,850-lb. concrete. 

w = Weight per ft. of beam either 2,600-Ib. or 1,850-lb. concrete. 

c = Constant 

q = Ratio of weights for equal volumes (in cases illustrated taken as 0.92 


and 0.96, respectively). 


Then from the ordinary formulas for reinforced concrete beams 
assuming the width of the beam to be a constant proportion of the 
depth (and without considering the refinements of practical design) 


qw : 2 ” ' 


L000 c w’ tT WwW 
For w = wiooo and w’ = w”", or for an equal uniform load imposed upon the two 
beams these beams will have the same weight per foot when the ratio of span 
Leeson Pe L 1850 a 
lengths - = 1.75 and when ;— = 1.45 
Loo L000 


W ro 


Let the proportion of volumes = qu Tepresent the cost ratio. For the same cost 
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re . W1000 
per ft. of length, assume that it is probable that the ratio Ps should be at least 
2600 


D2 


2.0, (taking into account the factors of reinforcement, forms, etc.). Under this 


*,: Leeoo 
condition and when w’ = w”, L would vary from about 1.13, for short spans in 
1000 





which the weight of the beam itself is a small proportion of the total load, to 1.33 for 
long spans in which the dead load of the beam or w; 00 reaches a high figure. For span 


L600 


weights in the ratio of 2.0 the proportion L would range from about 1.07 to 1.20. 
1000 





W000 





) ‘ . L 
should be 1.5, the corresponding ratios of —~* would be from 
1850 L000 


If the cost ratio 


about 1.13 to 1.25 and from about 1.07 to 1.15, respectively. 


Expressed in another manner, if the span length and the external load remain the 








w ‘i 
se will range from about 2.1 to 3.0 and ——“from 1.6 to 2.1, de- 


W100 
W2600 W1850 


same the ratio 


w’ 





pending upon the ratio of 
. W000 


It is obvious that the striking advantages of high strength con- 
crete lie in long span construction. 


All of these ratios would, of course, be very much greater if the 
load w’ were reduced in the case when the members contributing load 
to the beam were lighter because of the use of higher strength concrete. 


As an illustration of these conclusions, it is probable that at the 
present time the practical limit of span length for girders supporting 
roadway traffic is about 85 ft. Under the assumptions for 7,000-lb. 
concrete it would be possible to construct girders with about 120-ft. 
span for the same cost per foot as the 85-ft. girders with the weaker 
concrete, if the roadway deck were of the higher strength concrete, 
and with about 110 ft. span if the external load per foot on the girders 
remained the same in both cases. 


SUCCESSION OF SPANS 


In the case of a succession of spans (or columns in a building frame) 
the saving effected by the omission of piers (or columns), without 
reference to other savings such as for the substructure which might 
be accomplished by the reduction in the dead load, ete., may be 
expressed as a ratio 


z_ ros (1 — r) 
C 24+s8s—1 


s = number of spans as originally figured which it is proposed to reduce. 


, in which 
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C = cost of structure as originally figured 

r = ratio of span lengths which have an equivalent cost per unit of length. 
ry = ratio of substructure cost to cost C 

r; = ratio of cost of a land or end pier to a water or interior pier. 


The percentage of saving increases with an increase in the value 
of ro and when r and 7 have small values. 

Where r is relatively small, as in the case of long arches or where the 
foundation work is difficult, the saving for this item alone would be 
large. Take the case of a 4-span river crossing in which ro = 
14,r, = 4, andr = %4 (number of spans reduced by one), the saving 
effected from this cause would amount to about 15 per cent. Assume 
the case, however, of a building 12 columns deep (11 spans) in which 
ro = '/e, 71 = °/5, and r = °/,; (number of spans reduced by two), the 
saving would be only 3 per cent. 

It would be needless to point out advantages in cost that might 
occur due to special conditions or possible advantages from the stand- 
point of architectural design. 


GENERAL REMARKS 


If concrete sections are reduced in weight there is immediately sug- 
gested the possibility, in order to facilitate construction, of the use of 
steel sections (which would be encased) to eliminate falsework by 
supporting concrete and forms during pour and set. This method has 
not been fully exploited under present-day conditions and presents an 
interesting field of study, particularly to determine to what extent 
such sections can be used to reinforce permanently the beam section. 

Increase in extensibility, more satisfactory recovery from stress, 
and increased resistance to shock in the case of high strength concretes 
are important characteristics and might lead to the substitution of 
concrete for steel where impact stresses are high or to its more extensive 


use in systems of built-up members such as in complex frames or 
trusses. 


While I have assumed for purposes of illustration concrete of a 
strength which is not at present practicable, the conclusions will 
obtain proportionately as indicated for any increase in concrete 
strength that can be secured. 

It is my opinion that even under present conditions for exposed 
structures and for structures, or portions of structures of long span or 
subject to unusual stress, we should give consideration to a recom- 
mendation for concrete of a 28-day strength of not less than 4,000 Ib. 
which might be justified, both from the standpoint of securing per- 
manence in the structures and from considerations of economy. 
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In order to limit this discussion, no emphasis has been placed on 
the more obvious advantages of high strength concretes, such as 
better resistance to weathering action, more satisfactory appearance, 
etc., although, of course, these considerations are of the first import- 
ance. There are a number of points upon which further study and 
experiment are needed, such as regards the relative shrinkage of rich 
mixtures, relative deformation under load, use of special finely ground 
cements or a proper proportion of these in the mix to produce high 
early strength, and actual beam tests. It is certainly highly impor- 
tant that the Institute should further intensively the work of devel- 
oping methods for the practical production of high strength concretes 
and of making the way clear to raise the present-day strength 
standards. 


Readers are referred to the JourNau for November (Vol. 29) for discussion which may 
develop. Such discussion should reach the Secretary by September 1, 1932. 











EFFECT OF CELITE ON THE MopuLus or ELASTICITY OF 
CONCRETE 


BY GEORGE A. SMITH* 


INTRODUCTION 


A “Questionnaire for Admixture Salesmen’”’ is presented by Arthur 
R. Lord on News Letter page 13 of the Institute’s JourNat for January 
1930, asking questions as to effects of admixtures on concrete. To 
answer for every admixture as to its effects on all the properties and 
characteristics of concrete would involve vast and concentrated 
research, and resources beyond the means of most producers. Desir- 
able as such information may be, it is not to be expected that all the 
questions are to be answered until many careful tests are made and 
they will require time. 

Under item 6h of the questionnaire appears “Effect on the 
modulus of elasticity of concrete” and under 9b, “‘Design aids in case 
new tables or diagrams are needed-—different values of E,.’’ These 
questions relate to one single phase of the properties of concrete and the 
present discussion is of one admixture and its possible effect on the 
modulus of elasticity of concrete. 

SCOPE 

Though any phase of concrete study should normally involve the 
consideration of a large number of variables as regards the mix, con- 
sistency, types and grading of aggregates, curing conditions, etcetera, 
this study was limited in its scope and the only variables, aside from 
the addition of Celite, were the ratio of cement to aggregate and the 
consistency of the concrete. Other conditions were kept as nearly 
constant as possible. Five different mixes and three consistencies 
were used; tests made at 28 and 90 days, involving stress-strain deter- 
minations of 90 specimens and compression tests of 90 control cylinders 
at each age. 

MATERIALS USED IN TESTS 
The cement, identified as Sample No. 3949, was purchased on the open market, 


the lot originally consisting of 50 bbl. mixed on a concrete pavement when received 
and stored in 50-gal. steel drums. For this work several barrels were remixed and 


*Concrete Research Engineer, Johns-Manville Sales Corp., New York, N. Y 
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stored as before until used. The cement met all physical requirements of A. 8S. T. M. 
Standard Specification C9-30 for portland cement as indicated by the following: 


I 4 Licee hudin obit op alain mes 23.0% 
ER a a eg ees ee ee rere 3 hrs. 12 min. 
EEE EDLs 6 av sins occcvecsccccccccecesecesepaccccecesccaG MEM, 16 MIN, 
ee sn, ge ide 4 cen Faces ccccscenadios sme O.K 

Ee Ee Sin scot sg'hik Vio winiee 6 odg sce 4 she wedi ¥ eae 7.6% 
I Se re eeree Terre 7 fo. 
ES re ee re eee re ... 450 Ib. 


Fine aggregate was washed sand from Spring Lake, N. J.; was air dry, graded 0 
to No. 4; fineness modulus 2.90 and weighed 103.8 lb. per cu. ft. It was separated 
into three sizes to avoid segregation and non uniformity. After making sieve analyses, 
the fractions were combined to give the desired fineness modulus. 

Coarse aggregate was washed bank gravel from the same source as the sand; used 
air-dry; graded No. 4 to 1 in. and weighed 105.2 lb. per cu. ft. As with the sand, the 
gravel was separated into four sizes to insure uniformity of grading when the several 
sizes were later recombined for individual batches. All proportioning was done by 
weight to give correct volumes. Both aggregates were practically free of organic 
impurities; in the air-dry state had zero absorption, and an average specific gravity 
of 2.605. Combined they weighed 123 lb. per cu. ft. Celite used as an admixture 
was Laboratory Sample No. 3012. 

MAKING OF SPECIMENS 

Previous to starting these tests and in conjunction with other studies a series of 
tests was made to determine the quantity of water that would be required for each " 
condition of the tests. Results of this preliminary study formed the basis for a paper 
dealing with the consistency of concrete as measured by the slump test and the 
flow-table.! Since the slump test, although inferior to the flow-table in measuring 
consistency, is used as a field test, all concretes were gauged to give the range of 
slumps observed in the preliminary tests. In all instances the Celite concrete was 
gauged to give approximately the same slump as was obtained for a similar plain 
concrete. The approximate quantity of water necessary for the desired slump was 
determined from the preliminary study, and for a given condition, remained unchanged 
throughout the tests. 

Cement, sand and gravel were proportioned on the basis of dry rodded volumes 
using 94 lb. for the unit weight of the cement. The quantities of dry materials used 
for the several mixes are shown in Table 1. 


TABL E 1—aQu ANTITIES OF MATERIAL S USED—KG. 











Mix | 

Nominal by | By Volume Cement Sand Gravel 
Volume | 
1:114:3 1:3.84 4.707 7.798 15.797 
1:144:3\% | 1:4. 26 4.236 | 7.798 15.797 
1:2:4 | 1:5.12 3.530 7.798 15.797 
1:2%:5 | 1:6.40 2.824 7.798 15.797 
1:3:6 1:7.68 2.354 7.798 15.797 


It will be noted that the sand and gravel quantities were constant throughout the 
tests, the weights corresponding to .1656 and .3312 cu. ft. for the two materials 
respectively and under all conditions gave sufficient concrete to fill two 6 x 12 cylin- 
der molds. The quantity of Celite added in all cases was 113 grams. In the 1:2:4 
mix this corresponded to 3 lb. per sack of cement but varied from 2.25 lb. for 1:11:83, 
to 4.50 Ib. for the 1:3:6 mix. 





“A ae: of the flow-table and the oe test’’—George A. Smith and Sanford W. Benham, JourNAL 
. anuary 1931, Proceedings Vol. 27, Page 20.) 
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Fic. 1—CoMPRESSOMETER AND SPECIMEN ASSEMBLED FOR TEST 


Since the program called for one control and one modulus specimen at each of two 
ages two batches were required for each condition; all batches were thoroughly mixed 
dry and, for two minutes by hand, after adding the water. As soon as the flow (using 
15 1%-in. drops) and the slump were determined for the first batch, mixing of the 
second was begun. As soon as weight-per-cubic-foot determinations were made on 
two batches, they were placed simultaneously, distributing each in four molds. 
Four specimens for each condition were made before making companion specimens, 
Three complete rounds were made, no round being started earlier than three to four 
days after starting the previous run. All specimens were capped with neat cement, 
containing Celite to increase the ease of handling, when about 18 hours old. Left in 
the molds until the following day they were then placed in moist room storage where 
a fog was maintained and temperature at 70°+ 2 or 3 F.; remaining there until 
tested. 


TESTING OF SPECIMENS 


Specimens were tested in a Riehle 200,000 lb. two-screw, universal testing machine 
running at low speed—the head moving 0.05 in. per minute. The control specimens 
were tested under a continuously increasing load until failure. Modulus of elasticity 
specimens were tested under intermittently applied loads. The load in most instances 
was increased in uniform increments corresponding to increments of stress of 200 
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or 400 lb. depending on the ultimate strength of the concrete, this procedure assisting 
in plotting data, and in comparing and averaging results with companion specimens. 

The deformation of specimens was measured with apparatus (Fig. 1) somewhat 
out of the ordinary in that the lower cylinder (not in contact with the lower gauge 
ring) and the upper steel cylinder protect the dials if the ultimate load is reached 
unexpectedly or the test is carried to failure. The two gauge rings are fastened, 8 in. 
c. to c. to the cylinder to be tested by three cone-pointed set screws, spaced 120 deg. 
Deformations were read from three 0.3 in. by .0001 in. Ames dials mounted midway 
between the set screws. Each dial, calibrated against a micrometer screw, gave a very 
nearly perfect calibration curve. The dials were connected with the adjusting screws 
attached to the lower ring by pressure only. At first, the gauge rings were attached 
by embedding the set screws in the concrete but this damaged the points and caused 
shifting of the rings. By using a narrow strip of copper about .03 in. thick next to the 
specimen, this condition was largely obviated and setting up the specimen expedited. 
An initial total load of 200 lb. was applied to each specimen before setting the dials 
at zero, to insure uniform bearing between the cylinder and the spherical bearing 
block. Rotating the lower part of the block at this load obviated misalignment in 
the bearing block which might cause an eccentric load. Movements between dial 
divisions were estimated to about one-tenth of the division, thus determining the unit 
deformation to 1.25 parts per 1,000,000. 


RESULTS OF TESTS 


In Table 2, the data from making the specimens are reported to 
show exact conditions under which the tests were made. All other 
data are diagramed. 
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Fic. 2—TYPICAL STRESS-STRAIN DATA 
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Fic. 3—AVERAGE STRESS-STRAIN DATA AT 28 DAYS 
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Fic. 4—AVERAGE STRESS-STRAIN DATA AT 90 DAYS 


Fig. 2 shows, as typical data, the unit deformations for individual 
companion specimens in Tests No. 15 and 16 at 28 days and 90 days 
plotted against the stress for 1:2:4 plain and 1:2:4 Celite concretes 
having average slumps of about 6 in. 

The average unit deformation-stress relations for the several con- 


ditions considered at 28 and 90 days are shown in Fig. 3 and 4 respec- 
tively. 
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Fic. 5—RELATION OF MODULUS TO STRENGTH AT 28 DAYS 


Fig. 5 and 6 show the relation betweén the modulus at the two ages 
and the ultimate compressive strength of the concrete in the control 
cylinders. 


In Fig. 7 the moduli at one third ultimate load at 90 days are plotted 
against the moduli at 28 days. 


The water-cement ratio strength relations at 28 and 90 days are 
shown in Fig. 8 and 9 respectively. Fig. 10 and 11 show similar strength 
relations using the void-cement ratio. The v/e used is the ratio of 
one minus the relative density to the absolute volume of cement per 
unit volume of concrete. 


DISCUSSION OF RESULTS 


In this study of the effect of Celite on the modulus of elasticity of 
concrete the only condition relative to the elastic properties that has 
been considered is that existing when previously unstressed specimens 
were subjected to increasing loads. Any indication of the stress- 
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Fic. 6—RELATION OF MODULUS TO STRENGTH AT 90 DAYS 


Modu/us at 9O days ~/O00000 /bs 
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Fic. 7—RELATION OF MODULUS AT 90 DAYS TO THE MODULUS AT 28 
DAYS 
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Fic. 8—WaTER-CEMENT-RATIO STRENGTH RELATION OF 
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strain relation under this initial loading does not give a true indication 
of the functioning of the concrete as an elastic material since there is a 
flow or yielding of the material which increases both with the intensity 
and the duration of the load. Specimens stressed to produce initial 
set and stressed under a continuously applied load of long duration? 
usually show, when retested, somewhat higher moduli than are indi- 
cated from the initial tests. However, it is believed that the effect of 
Celite when added to the concrete mix is adequately shown without, 
at present, taking up such phases of the subject as functioning after 
initial loading, at loads of varying intensity, and after being subjected 
to continuous loads of different magnitude and duration. Such condi- 
tions will be taken up in subsequent studies. 


The modulus of elasticity of concrete has been considered by various 
investigators when based on different assumptions from the generally 
curvilinear relation indicated between the stress and the strain. 
These assumptions have been that the modulus is characterized by the 
slope of the initial tangent, the tangent at some specific point on the 
curve, the chord between two points or the secant which is essentially 
the chord when drawn from the point of zero strain and some other 
point on the curve. All of these, excepting the initial tangent, can be 
so drawn that they will give the same slope particularly when the stress 
is only a small part of the ultimate strength. Where there is no appar- 
ent curvature to the stress-strain curve all four conditions or assump- 
tions coincide. See Fig. 2,3 and 4. Since in the majority of instances 
in this study no apparent curvature was to be noted except in the lean 
and low strength concretes the secant modulus has been used as the 
basis for comparison. Fig. 2, which shows the individual stress-strain 
curves for tests 15 and 16 at 28 and 90 days, is characteristic in its 
agreement of results from testing individual specimens. Although 
the agreement is generally good, the tests as a whole, indicate that the 
range of deformations for three tests for the concretes containing Celite 
was somewhat less than that for the plain concrete specimens. This 
comparison is not indicated by any of the data presented but is made 
from a survey of all groups of tests, since the data for each individual 
test were plotted in groups of companion tests. The mean average 
percentage variation for the Celite tests was 2.25 and for the plain 
tests was 3.75. 


From Fig. 3 and 4 presenting the average stress-strain curves at 28 
days and 90 days respectively for plain and Celite concrete, it is to 


2R. E. Davis and G. E. Troxell, ‘‘Modulus of Elasticity and Poison’s Ratio for Concrete and the 
Influence of Age and Other Factors upon these Values,” Proc. A. 8S. T. M. Vol. 29, Part II, page 678. 
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be noted that there is very little different in general at either age 
between the stress-strain relation for plain concrete and that for Celite 
concrete. In the rich mixes with small slumps there appears to be a 
slightly larger deformation for a given stress in Celite concretes, while 
in the wetter and leaner mixes the opposite is indicated. Any variation 
in the modulus noted in the curves may be entirely accidental since the 
results of individual tests of the plain concrete and the Celite concrete 
overlapped in nearly every instance. 


Since the average curves in most instances in Fig. 3 and 4 are prac- 
tically straight lines from the origin it is readily seen that the slope 
changes with the mix, and for a given mix, with the quantity of water 
used or with change in consistency. This change in the slope of the 
curves suggests that some relation may exist between the strength 
obtained and the modulus. Results for the secant modulus at 14, ™%, 
and 24 of the ultimate strength indicated by the control specimens at 
28 and 90 days are shown in Fig. 5 and 6 plotted against the strength 
In both figures it will be observed that the modulus at some fixed 
fractional part of the strength is approximately proportional to the 
strength. These figures also indicate that as the stress used in deter- 
mining the secant modulus increases, the change in modulus increases 
at a more rapid rate with change in compressive strength. This is 
pobably influenced to the greatest extent by the lean, low strength 
concretes, since the decided curvature observed for these would decrease 
the slope of the secant very materially as the stress considered ap- 
proaches the ultimate strength of the concrete, and since in the richer 
and higher strength mixes, even at 24 the ultimate compressive 
strength the curves had not deviated materially from a: straight line. 


The effect of age had some tendency to increase the modulus as is 
seen in Fig. 7. The fact that the moduli at 90 days group themselves 
along a line somewhat above and approximately parallel to the 45 deg. 
line indicates this increase, and it would appear that the modulus 
increased about equally for all concretes irrespective of mix or con- 
sistency. This increase in modulus is, however, small and parallels 
the relatively small increase in strength of the concretes from 28 to 
90 days. Comparing Fig. 8 and 9, it will be seen that the increase in 
strength due to the additional curing, with the cement used, was on an 
average of about 12 per cent. 


Since the many published data on modulus of elasticity of concrete 
have not always indicated the same conclusions and the effects of 
changes in the composition, materials, curing, ete., are none too well 
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established, it is of interest to compare the results of this study with 
the indications of other tests. 


Walker’s* conclusions were that while the modulus increased as the 
richness, the change in modulus was relatively less than that in 
strength; that the modulus varied with the water but less so than the 
strength; that the strength and the modulus increased with age; and 
that the relation between the modulus and the compressive strength 
was reasonably definite. 

Although Davis and Troxell concluded that the modulus increased 
with age, richness of mix and strength, their data indicated that the 
strength-modulus relation varied widely with the mix. In regard to 
this relation they concluded that no direct relation exists between the 
modulus and the compressive strength which is generally applicable. 


From this study it is seen that the data conform with those obtained 
by others in most instances, excepting for the modulus strength rela- 
tion. Fig. 5 and 6 show a relatively definite relation between the 
modulus and the strength, agreeing with Walker’s results but out of 
line with those of Davis and Troxell whose results, though widely 
scattering; showed no definite relation from mix to mix and their con- 
clusion is no doubt correct when based on their tests. However, the 
inter weaving of the results of these tests (Fig. 5 and 6) about an 
average line and falling not far from the line in most instances, con- 
firms the modulus-strength relation more than the widely scattered 
results, above referred to, disprove it. 

When “A study of the Flow-table and the Slump Test’! was pre- 
sented, it was pointed out that there was an apparent divergence from 
the w/c strength relation indicated by some of the strengths obtained 
—much the same condition is seen in this study. It will be noted in 
Fig. 8 and 9 that for each mix, as the water content was changed, 
the strengths fall along approximately straight lines whose slopes 
increase with richness of mix. This is particularly true in the leaner 
mixes and indicates that, for a relatively wide range of mixes, the mix 
plays some part in the strength that will be developed. This is strik- 
ingly shown in Fig. 10 and 11. Except for the entrained air, usually 
slight, and the small effect of increased cement on yield, the void- 
cement ratio and the water cement ratio are similar. However, it 
will be observed (Fig. 10) that there is apparently a well defined v/c 
strength relation for each mix. 

The strength data indicate that in designing concrete for any par- 
ticular job, it would be well to confine studies of mixes within relatively 


*Stanton Walker, “Modulus of Elasticity of Concrete’’—Bulletin 5, Structural Materials Research 
Laboratory, Lewis Institute. 
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narrow limits and avoid if possible the wetter consistencies, since it 
appears that for a given v/c ratio, stronger concrete will result from a 
lean mix of moderate slump than from a richer mix of fluid consistency. 


Though consideration of strength is necessary only incidentally in 
the study of the modulus of elasticity, the results of this study suggest 
a partial answer to another of Mr. Lord’s questions. Under section 6 
of the questionnaire which deals with the effect of admixtures on the 
properties of concrete, item ‘‘c’’ reads: “strength and w/c relation, 
at different ages and under different curing conditions.’’ Though data 
at hand do not supply a complete answer as to the effect of Celite on 


the strength, they are pertinent and answer the question in part. 


Referring to Table 2, it will be noted that somewhat more water 
was required when Celite was used. to maintain the same consistency 
as in the plain concretes. In Fig. 8 and 9 the Celite curves are dis- 
placed upward from those for plain concrete, sufficiently to compensate 
for the probable change in strength through the additional water. It 
is evident that the strengths developed by the plain and the Celite 
concrete were about equal when the same consistency (slump) was 
maintained and that for the same w/c ratio, strengths resulted which 
were higher than those observed for plain concrete. The averages of 
all specimens tested for control in this study were as follows: 


TALE 2—RESULTS OF CONCRETE TESTS 


| 


























| | Consistency Wt. per Cu. Ft. | ,. | Bw 

5 24| w/c by |  Rhatatetiee FS ee 

a Mix |} 2S~] Volume | | 33 ¢sY¥ | 360 
$5 383 | Flow |Slump]| Fresh | Set ts | S340 at t 
BZ, O03 | | | EQ | Ome | Raia 
1 | 1:1%:3 0 | 0.685 46 | 2.3 148.8 149.2 | 0.826 | 6.609 | 0.40 

2] 1:144:3 2.26 | .747 35 1.8 147.8 148.1 .816 | 6.498 35 

3 | 1:13g¢:3% | .. .742 | 54 2.4 148.5 148.7 | [827 | 6.040 .45 

4] 1:136:3% | 2.51 810 | 46 | 2.0 147.6 147.8 | .818 | 5.493 .31 

5 | 1:2:4 - .869 | 65 | 1.8 147.7 148.0 .825 | 5.135 44 

6 | 1:2:4 | 3.00 .945 | 50 | 2.0 147.1 147.4 .818 | 5.065 .39 

oe Seee |... 1 See 68 | 2.1 147.0 148.0 | .824 | 4.194 44 

8 | 1:24:5 | 3.76 | 1.166 66 2.4 146.3 147.0 | .816 | 4.132 45 

9 | 1:3:6 cat ee 2 3.6 146.1 146.8 "318 | 3.525 ‘47 

10 | 1:3:6 4.51 | 1.421 | 80 3.3 146.1 146.3 | .815 | 3.492 52 
11 | 1:14:38 te 5 752 95 6.2 148.1 148.3 | .816 | 6.533 . 54 
12] 1:14%4:3 | 2.26 826 84 5.4 146.7 147.0 804 | 6.400 .58 
13 | 1:13g:3% | .... .815 | 100 6.5 147.9 148.3 | .818 | 5.976 58 
14 | 1:13¢:3% | 2.51 . 889 83 5.5 146.8 147.2 | .807 | 5.865 .59 
15 | 1:2:4 aye -950 111 6.3 147.6 148.0 | .819 | 5.099 .65 
16 | 1:2:4 3.00 | 1.026 | 94 5.8 146.4 147.0 | .809 | 5.009 .64 
17 | 1:2%:5 aoe 1 ae 104 5.2 146.9 147.4 | .819 | 4.169 61 
18 | 1:24%:5 | 3.76 | 1.244 | 95 | 5.7 146.2 146.5 | .812 | 4.110 51 
19 | 1:3:6 ‘y 1.389 108 | 4.8 146.3 146.8 .816 | 3.518 55 
20 1:3:6 4.51 1.484 100 5.0 145.8 146.1 | .811 3.473 .59 
21 | 1:14%:3 i .819 | 125 7.8 147.6 148.0 | .808 | 6.465 .80 
22 | 1:1344:3 | 2.26 891 | 113 7.7 146.1 146.6 -795 | 6.331 77 
23 | 1:135:3% ‘388 | 130 | 7.9 147.5 | 148.0 | ‘810| 5.917 88 
24 | 1:135:344 | 2.51 .957 | 114 7.3 146.2 146.3 ‘799 | 5.806 67 
25 | 1:2:4 PTE | 132 7.6 147.2 147.5 .812 | 5.052 | .7: 
26 | 1:2:4 | 3.00 | 1.094 118 | 7.4 146.9 146.5 .803 | 4.971 71 
27 | 1:2%:5 |.... | 1.240 125 7.0 | 146.4 147.1 814 | 4.146 | .65 
28 | 1:216:5 3.76 | 1.306 Tees | 145.8 146.1 .806 | 4.082 | .60 
29 | 1:3:6 ... | 1.450 117 | 6.3 146.2 146.2 813 | 3.505 | .45 
30 | 1:3:6 4.51] 1.545 110 6.6 145.8 145.8 806 | 3.454 54 
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Kind of | Compressive Strength 











Concrete 1 
28 Days | 90 Days 
Plain 2752 3234 


Celite | 2818 3211 


UNIFORMITY OF RESULTS 


Variability of results in tests of this nature demands, as a rule that 
many tests be made for average values representative of probable con- 
ditions. In studies of the modulus of elasticity of concrete, Walker 
has indicated that ten or more tests of companion specimens should be 
made, based on his average variation for the strength of specimens of 
10.2 per cent and for his modulus studies 15 per cent or more. 

In view of the general agreement of data in this study with but 
three companion tests for each condition, it is believed that, in this 
instance, the fewer data gave a reasonably reliable average. From the 
90 day tests, the mean of the average variations for all groups of three 
tests each was 4.3 per cent for the strength tests and 3.0 per cent for 
the strains observed at about one-half of the ultimate strength. 


CONCLUSIONS 


The results of these tests indicate that, other conditions being equal, 
Celite has little or no effect on the modulus of elasticity of concrete. 
Any variation between the moduli of plain and Celite concretes noted 
may be and probably is accidental since there was a marked over- 
lapping of the individual data in nearly every instance. 

Strength and the modulus of elasticity of both plain and Celite 
concrete appear to be definitely related. The modulus increased as 
the strength but at a relatively lower rate. 

In all conditions the modulus increased as the mix was made richer 
in cement content and decreased as the consistency or flow increased. 

Ageing from 28 to 90 days resulted on the average in higher moduli 
of elasticity—the increase approximately the same for all mixes and 
all consistencies. 

Mr. Lord’s questions as to the effects of admixtures on the properties 
of concrete are answered as regards possible effects of Celite on the 
modulus of elasticity or the strength within the scope of these tests. 
Since little or no effect is to be noted it can only be concluded that, 
under conditions of equal consistency, the use of Celite for promoting 
workability can have no appreciable effect on the modulus of elasticity 
or on the strength of the concrete. 





Readers are referred to the JouRNAL for November (Vol. 29) for discussion which may 
develop. Such discussion should reach the Secretary by September 1, 1932. 











CONSTRUCTION OF SIDEWALKS IN THE EXTENSION OF THE 
U. S. Caprrot Grounps* 


BY LOUIS F. DIETERICHT 


Surface treated, exposed aggregate sidewalks have been built in the 
last year in the United States Capitol Grounds, mostly in that part 
between the Union Station and the Capitol, covering approximately 
17,550 sq. yds. There are two classes of work, one having gravel, 
the other granite chips as the coarse aggregate in the topping. The 
gravel was what is commonly known as “pea gravel,’ while the granite 
consisted of small clean chips passing a )-in. screen. 

Granite chip surfaces were used on sidewalks bordering the streets, 
while the gravel type, more garden-like in character, was used for 
walks running diagonally across the lawns. 

All the walks were built on top of 4 in. of gravel fill along the outer 
edges of which had been poured a 1:3 cement and sand grout, to pre- 
vent the gravel from running out from under the concrete slab. The 
entire thickness of the concrete of the gravel surface walks was 5 in. 
while that with the finish of exposed granite had a thickness of 6 in. 

One-half inch through expansion joints were provided at approxi- 
mately 24 ft. intervals and the granite surface walks were ruled into 
rectangles of 6 x 4 ft., the exposed gravel walks being left unruled. 

Steel wire mesh reinforcement was placed approximately 2 in. from 
the bottom of the concrete slab in all walks under 12 ft. wide. The steel 
had an area of .180 sq. in. per ft. width of slab with the principal wires 
parallel to the line of the walks. Where a width of 12 ft. was exceeded 
the same area of steel reinforcing was provided in both directions. 

For the exposed aggregate effect, the specifications permitted either 
the use of a chemical retarder, applied to the surface of the walks or 
the mechanical process of brushing, and acid washing. The contractor 
chose the latter method, which gave uniform and satisfactory results. 
It was, of course, necessary to make a number of finished samples 
before accepting those chosen for the basis of the work that followed. 
The selection of the surfaces is naturally a matter of individual choice 
in view of the fact that many effects can be obtained by varying the 


*Presented at the 29th Annual Convention, Washington, D. C., Mar. 1-4, 1932 
TSuperintendent of Construction, Office of Architect of the Capitol 
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mixture or reveal of the exposed aggregates, or both. Those which in 
the opinion of the office of the Architect of the Capitol, gave the more 
pleasing appearances had as much coarse aggregate as was safe to 
incorporate in the topping with a maximum reveal of )% in. 


It was found important, to secure satisfactory results, to use special 
care in seeing that the coarse aggregates for the topping were kept free 
from foreign matter from the time they were piled at the job to their 
incorporation in the work. Furthermore, granite chips were carefully 
inspected to determine that they were clean, free from granite dust, 
and large quantities of very small chips. 


The concrete sand used in the topping having granite chips had to 
be sifted in order to remove the very small gravel which is usually 
present in such sand, otherwise these small particles of gravel would 
detract from the appearance of the exposed granite chips in the finished 
work. Light gray portland cement was used in order to secure the 
desired color effect. 


The construction procedure was as follows: After the sub-grade 
had been prepared and the gravel fill placed, a concrete base, of 1:2:4 
mix, was placed and held down to within 14 in. of the finished grade, 
with the wire mesh reinforcement in this base. The water content of 
the concrete mixture was held to a practical minimum. Immediately 
affer placing the base a topping of 1 part cement, 114 parts sand and 
3% parts of pea gravel or granite chips, and mixed for not less than 
two minutes, was applied. The water content of this mixture was 
likewise kept as low as practical. 


After the topping had been struck with a straight edge, additional] 
coarse aggregates were lightly sprinkled on the surface in sufficient 
quantities to give the desired effect. This additional quantity of 
pea gravel or granite chips was then worked into the topping by the 
first troweling which was started and completed as soon as possible. 
After one to one and one-half hours a second troweling was given, the 
edges then rounded and the necessary jointing ruled into the surface. 
If the topping by this time had shown a tendency to have a firm set a 
third troweling immediately followed, but there were many cases when 
one hour elapsed between the second and third trowelings. No 
further work was done until about two hours later when the surface 
was brushed with light wire brushes. The time at which the surface 
received this treatment was reached only when the topping had set 
sufficiently to allow the mortar to be lightly swept from the surface 
without removing or loosening the gravel or granite chips. This 
brushing was continued until the cement and sand mortar on the 
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Fic. 1—THE FIRST TROWELING OPERATION SHOWING THE EXTRA 
AGGREGATE SPRINKLED ON AND BEING WORKED INTO THE SURFACE 


Fic. 2—THE FIRST USE OF WIRE BRUSHES TO EXPOSE AGGREGATES 


surface was sufficiently removed to give the desired reveal of the coarse 
aggregates. After this, the surface was lightly sprinkled with water 
from a hose and then carefully swept clean with fibre brushes. In the 
cooler weather, however, this washing was eliminated, and more 
brushing was necessary. The operation was then completed by cover- 
ing the walks with waterproof paper for protection and curing. This 
paper was carried over the walk edges, well lapped and held in place 
by wood planks, to insure an even curing of the concrete. It remained 
in place during the warmer weather for at least three weeks and for 
less time in the cooler periods. 


After the paper was removed the walks were first well flushed with 
water and then acid washed with 1 part muriatic acid and 3 parts of 
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Fig. 3—SMALL SECTION OF A GRAVEL-SURFACED SIDEWALK 


water. The acid solution remained: on the surface for about fifteen 
minutes before being well flushed off with water. Two or three appli- 
cations of acid wash were usually required to remove the cement color 
from the exposed aggregates. 


This completed the operations with the exception of filling the 
expansion joints with an elastic compound. 


Attention is called to the time elapsing between the various opera- 
tions as previously outlined. The periods mentioned are for average 
favorable weather conditions, but shorter, in hot weather and longer 
in colder periods. The output of this kind of work was from 250 to 
400 sq. ft. per day per cement finisher. However, the actual production 
is governed by the weather conditions as well as »y the amount of 
brushing needed to give the required surface. 


While the walks have surfaces somewhat rougher than ordinary, this 
roughness is not objectionable. The surfaces have anti-slip qualities 
as well as a pleasing appearance. It is believed the life of these walks 
will equal or be greater than that of the ordinary walk as the wear is 
on the coarse aggregate and not on a sand and cement wearing surface. 











Sidewalks in Extension of United States Capitol Grounds 631 


The work was carried out under the direction of David Lynn, Archi- 
tect of the Capitol, with Bennett, Parsons and Frost, of Chicago, IIl., 
as Consulting Architects. The engineering work for the establishment 
of the grades was done by F. T. Norcross, and the contractor, M. 
Cain Co., both of Washington, D. C. 

CONVENTION DISCUSSION 

V. R. Covell, Pittsburgh: I am curious to know what the work costs. 

Mr. Dieterich: The contract price, including excavation and the 
gravel fill—where there is no undue amount of excavation—is $1.47 
per sq. yd. for the gravel and $2.94 for granite surfacing. 

F. H. Jackson, Washington: Did you use or consider using rollers 
to incorporate the gravel or the granite in the surface? 

Mr. Dieterich: We talked about it, and I talked to the contractor’s 
man for we knew rollers are used in terrazzo work, but ours being a 
monolithic job, we were afraid the weight of the required roller might 
sink down into the concrete. In terrazzo work the base is put down 
one day and the topping down the next, the latter only °4-in. thick, 
composed of marble chips and cement, but I believe something might 
be worked out for sidewalk surfacing using the roller, and if so it 
would greatly decrease the cost. 

Mr. Covell: How much time elapsed between placing of the base 
and of the top? 

Mr. Dieterich: I should say never more than an hour. 


Readers are referred to the JoURNAL for November (Vol. 29) for discussion which may 
develop. Such discussion should reach the Secretary by September 1, 1932. 








CONCRETE BURIAL VAULT SPECIFICATION 


Report of Committee 709* 
W. D. M. ALLAN, CHAIRMAN 


A SUGGESTED specification for concrete burial vaults was presented 
at the 1931 convention’, to elicit criticisms and suggestions from mem- 
bers of the Institute. For the same purpose, a detailed questionnaire 
was sent to more than a hundred of the leading burial vault manu- 
facturers and others interested in the use of this product. The Com- 
mittee now presents the specification revised after a careful analysis 
of all the criticisms which have been received. 

The Committee recommends this specification be adopted ten- 
tatively as Specification for Concrete Burial Vaults. (709-32-T) 

This report has been submitted to letter ballot of the Committee 
which consists of 11 members, all of whom voted affirmatively. 


W. D. M. Auuan, Chairman. 


TENTATIVE SPECIFICATION FOR CONCRETE BuRIAL VAULTs (709-32-T) 


I—GENERAL 
Scope 

1. These specifications shall apply to reinforced concrete burial vaults. 

2. The acceptability of vaults under these specifications shall be determined by 
the compression, absorption and strength tests hereinafter specified, and by visual 
inspection. 

II—MATERIALS 
Reinforced Concrete 

3. The reinforced concrete shall consist of portland cement, mineral aggregate 

and water in which steel reinforcement has been embedded. 


Cement 


4. Portland cement shall meet the requirements of the current Standard Specifica- 
tions for Portland Cement (A. 8S. T. M. Designation: C9-30), or the Tentative 


*Presented at the 29th Annual Convention, Washington, D. C., March 1-4, 1932, and the proposed 
specification given tentative adoption, 


A.C. 1. Journau June, 1931; Proceedings Vol. 27, p. 1251. 
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Specifications for High-Early Strength Portland Cement (A. S. T. M. Designation: 
C74-30T) of the American Society for Testing Materials. 


Steel 

5. Reinforcement shall consist of woven or welded wire which meets the require- 
ments of the current specifications for Cold-Drawn Steel Wire for Concrete Rein- 
forcement of the American Society for Testing Materials (A. S. T. M. Designation: 
A82-27), or of bars which meet the requirements of the current Standard Specifica- 
tions for Billet-Steel Concrete Reinforcement Bars (A. S. T. M. Designation: 
A15-30) of the American Society for Testing Materials, or of large mesh expanded 
metal. 


Aggregates 

6. Fine aggregate shall consist of sand, stone or slag screenings, or other inert 
materials with similar characteristics, or a combination thereof, having clean, hard, 
strong, durable uncoated grains and free from injurious amounts of dust, lumps, 
soft or flaky particles, shale, alkali, organic matter, loam or other deleterious sub- 
stances. Fine aggregate shall be well graded and shall pass a 4-in. screen. At least 
10 and not more than 30 per cent shall pass a 50 mesh screen. 

7. Coarse aggregate shall consist of crushed stone, gravel, slag, or other approved 
inert materials with similar characteristics, or combinations thereof, having clean, 
hard, strong, durable, uncoated particles, free from injurious amounts of soft, friable, 
thin, elongated or laminated pieces, alkali, organic or other deleterious matter. All 
of the coarse aggregate shall pass a 34-in. screen and shall be retained on a 1<-in. 
screen. 

III—DESIGN 
Minimum Design 

8. The vaults shall be designed in accordance with the assumptions: That the 
design load is equivalent to the vertical load uniformly distributed over the internal 
horizontal cross-sectional area of the vault and that the vault is uniformly supported. 

9. The distance from the center of the reinforcement to the nearest surface of the 
concrete shall not be less than %-in. 

10. The minimum amount of reinforcement shall be not less than 31 pounds per 
100 square feet of vault area. The maximum spacing of reinforcement shall be 4 
inches on centers in either direction and the minimum area of openings shall be not 
less than 2 square inches. The minimum size of reinforcing members shall be not 
less than No. 14 gauge wire or its equivalent. 

11. 'The total quantity of mixing water in the concrete mixture, including the 
surface water carried by the aggregate shall not exceed 5 U.S. gallons per sack (94 
Ib. net) of cement. The proportions of aggregates to cement shall be such as produce 
concrete that will work readily in the forms and around reinforcement without exces- 
sive puddling and spading and without permitting the materials to segregate. 
Placing Reinforcement 

12. When a single line of reinforcement is used, it shall be placed in the center of 
the wall. The reinforcement shall be lapped not less than 30 diameters if of bars or 
2 openings if of mesh or expanded metal and shall be securely tied with No. 18 
annealed wire, or if welded the joints shall develop the full strength of the reinforce- 
ment. 


IV—WORKMANSHIP AND FINISH 


13. Vaults shall be free from stone, air or water pockets and structural cracks or 
other defects. 
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V—MARKINGS 

14. All vaults made in accordance with these specifications shall be permanently 
marked with the name or identifying mark of the manufacturer and labeled to show 
that they meet current A. C. I. Specifications. 

Cenavete Teste VI—PHYSICAL TESTS 

15. The quality of concrete shall be determined by compression and absorption 
tests on 3 by 6-in. cylinders taken from the concrete used in making the vaults and 
cured in the same manner as the vaults. At least 3 cylinders shall be made for the 
absorption test and at least 3 for the compression test. The cylinders shall be 
indelibly marked covering not more than 5 per cent of the surface, to identify them 
with the vaults made from the same batches of concrete. One set of specimens shall 
be tested for the first ten vaults manufactured, one set for the next fifty vaults, and 
thereafter one set for each 90 days the plant is in operation. These tests shall be 
paid for by the manufacturer. Additional tests may be required by the purchaser but 
shall be paid for by him unless the specimens fail to meet the requirements of this 
specification, in which case the tests shall be paid for by the manufacturer. 

16. Compression Tests. When tested in accordance with the current Standard 
Methods of Making Compression Tests of Concrete of the American Society for 
Testing Materials (A. S. T. M. Designation: C39-27), no cylinders shall have astrength 
of less than 4,500 pounds per square inch when 28 days old or when the vaults are 
delivered, if delivered in less than 28 days. 

17. Absorption Tests. The average absorption shall not exceed 6 per cent for 
three (3) test specimens with no specimen testing more than 7 per cent. 

18. Specimens shall be dried to constant weight at a temperature of from 100 to 
110° C. (212 to 230° F.). 

19. The dried specimens shall be immersed completely in water at room tempera- 
ture (60-80° F.) for 24 hours. After this immersion period, the specimens shall be 
removed from the water, allowed to drain for one minute, the superficial water 
removed by a towel or blotting paper, and the specimen immediately weighed. 

20. The balance used shall be sensitive to 0.5 gram when loaded with 1 kg. and 
weighings shall be read at least to the nearest gram. Where other than metric 
weights are used, the same degree of accuracy must be obtained. 

21. The increase in weight of the immersed specimen over its dry weight shall be 
considered the absorption of the specimen and shall be calculated as a percentage of 
the dry weight by the following formula: 

Wet Weight — Dry Weight 
Dry Weight 
The results shall be reported separately for each specimen. 





Pecentage absorption = 100 


Strength Test on Vaults 

22. Vaults shall be tested with a load applied on top equal to 600 lb. per sq. ft. of 
inside horizontal cross-sectional area. (Inside length multiplied by inside width.) 
(See Fig. 1). 

23. The vault shall be set on a uniform bed of moist sand, the particles of which 
will all pass a 44-in. screen. 

24. The surface of the sand in the top bearing frame shall be struck level with a 
straight-edge, and shall be covered with a rigid top bearing plate, with lower surface 
a true plane, made of heavy timbers or other rigid material, capable of distributing 
the test load uniformly without appreciable bending. The top bearing plate shall 
not be allowed to come in contact with the top bearing frame. 
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25. The top and bottom bearing frames shall be made of members heavy enough 
to avoid appreciable bending by the side pressure of sand. 

26. The load shall be applied uniformly over the top of the vault. After the full 
load has remained on the vault one hour it shall be removed and the specimen 
inspected. The vault shall have satisfactorily passed the strength test if no visible 
structural cracks have developed during the test. 





TOP LOADING 
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Fic. 1—SAND BEARING FOR COMPRESSION TEST ON CONCRETE 
BURIAL VAULTS 


27. At least one loading test is to be made by the manufacturer each 90 days the 
plant is in operation. 

28. All vaults for testing purposes shall be selected at random by the purchaser 
or his representative from the stock of the manufacturer and shall be vaults which 
would not otherwise be rejected under these specifications. 

Minimum Age for Delivery 
29. Vaults will be considered ready for delivery when 28 days old, or when cylin- 
der tests indicate that the concrete has attained the strength specified in Section 16. 
VII—SEALING 
30. Vaults shall provide a permanent watertight seal when closed. 
VIII—-INSPECTION 

31. All materials, processes of manufacture and finished vaults shall be subject to 
inspection and approval by the purchaser or his representative. 

32. Vaults shall be subject to rejection on account of the failure to meet any of the 
specification requirements except that in well established plants where rigid manufac- 
turing methods are practiced the purchaser or his agent may waive the loading test 
as the compression and absorption tests on cylinders should provide a reliable measure 
of the quality of the vault, provided the method of sealing is satisfactory. 


Readers are referred to the JouRNAL for November (Vol. 29) for discussion which may 
develop. Such discussion should reach the Secretary by September 1, 1932. 
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THE DESIGN OF CONCRETE ARCHES IN ALLEGHENY 


County, PENNSYLVANIA* 
BY G. S. RICHARDSONT 


INTRODUCTION 


Tus paper is confined to a discussion of the design of concrete arch 
bridges built in Allegheny County in the last 244 years. Six on the 
Ohio River Boulevard, are considered as a group, being similar in 
detail. The seventh, the George Westinghouse bridge, is considered 
by itself, its design being different from the others in several respects. 


The Ohio River Boulevard is a new main traffic artery to the west 
of Pittsburgh, having its origin within the city limits on the outskirts 
of the business district and roughly paralleling the Ohio river down- 
stream for 5 miles. For a large portion of its length, this boulevard 
is on the high bluff above the river, and the deep intersecting 
ravines necessitated the construction of numerous bridges. The 
difficulties of the topography, generally true of the Pittsburgh dis- 
trict, are best illustrated by the fact that the physical cost of construc- 
tion was more than $900,000.00 per mile, including more than $460,- 
000.00 per mile for bridges. The general character of the bridge sites 
pointed clearly to the adoption of steel or concrete arches as the most 
suitable type of structure. At almost all foundation sites, sound rock 
occurred near the surface and in most cases the relation between the 
grade line and ground profile was ideal for an arch with a favorable 
proportion of rise to span. In some cases in which this favorable re- 
lation did not prevail, it was possible to adapt the arch layout to the 
profile without serious loss in economy. One such example is illus- 
trated in the 3-span layout for the Spruce Run bridge. Several factors 
favored concrete arches as compared with steel, such as lower main- 
tenance cost, saving in re-use of steel centers for several spans, and 
economy of a general contract including both bridge and road 
work done by one of several organizations in the district with the neces- 
sary equipment and experience to carry out both types of construction. 





*Presented at the 28th Annual Convention, Washington, D. C., Mar. 1-4, 1932. 
tAssistant Engineer of Bridge Design, Dept. of Public Works, Allegheny Co., Pa., Pittsburgh. 
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Fic 1—AIR VIEW OF THE OHIO RIVER BOULEVARD, SHOWING TYPICAL 
CONDITION OF TOPOGRAPHY 


Courtesy The Aerial Surveys of Pittsburgh, Inc. 


The Westinghouse bridge is on a new cut-off on the Lincoln Highway 
just east of Pittsburgh. The whole project was a joint undertaking of 
the Pennsylvania State Highway Department and the Allegheny 
County Department of Public Works, with the former responsible for 
the design and construction of the new road and the latter of the bridge. 
This cut-off eliminates 3.44 miles of old road with heavy grades and 
bad alignments, shortens the distance 0.75 miles and by-passes nar- 
row streets of the Boroughs of East Pittsburgh and Turtle Creek. 


The bridge crosses Turtle Creek some 200 ft. above the general level 
of the valley. The site does not suggest at once the use of arches, par- 
ticularly of concrete, as best adapted to this location. The original esti- 
mates of costs were made from studies for two layouts for steel canti- 
lever bridges, one with a 900-ft. main span and the other with a 450-ft. 
central span and a general arrangement similar to that finully adopted 
for the concrete arches. From the standpoint of cost alone, the West- 
inghouse bridge carnot be justified as constructed. Estimates indi- 
cated that the cheaper cantilever layout would cost 10 per cent or 
about $150,000.00 less than the adopted design. The deciding factor 
was not economy but the belief that in the concrete design there had 
been created a structure of monumental character at a reasonable ad- 
ditional expenditure which the Department was warranted in making 
for this location. With full knowledge of the superior architectural 
merit of numerous steel bridges, it is believed that an outstand_ng steel 
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Fic. 2—SpPRUCE RUN BRIDGE 





Fic. 3—AIR VIEW OF THE WESTINGHOUSE BRIDGE 


Courtesy The Aerial Surveys of Pittsburgh, Inc. 


structure could not have been constructed at this particular location 
for the same cost. 


Ohio River Boulevard Bridges. 


The Boulevard spans range from a minimum of 150 ft. to a maxi- 
mum of 400 ft., measured on the theoretical springing lines. They 
carry a 40-ft. roadway and two 8-ft. sidewalks. The general type of 
construction is illustrated by the Jacks Run bridge, the longest of the 
group, the most distinctive feature of which is the method of treating 
the approach panels between the end and arch abutments. A uniform 
panel spacing was maintained from back wall to backwall with the 
same construction throughout except for the manner of supporting 
the columns. This is feasible and economical for conditions such as 
existed on these bridges, where the approach columns were founded on 
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Fic. 4—JACKS RUN BRIDGE 


rock at shallow depths. The ribs for all the arches have a rise of about 
1:4.5 in proportion to the span. They are 10 ft. wide and have a crown 
depth of about 1/50 of the span. This depth is increased about 10 
per cent at the quarter point and 75 per cent at the springing line. 
There are two ribs for each span spaced 34 ft. on centers. 


George Westinghouse bridge. 

The Westinghouse bridge consists of a series of 5 arch spans: A cen- 
tral span 460 ft. center to center of piers, 2 symmetrical side spans 
each 295 ft., and 2 unsymmetrical end spans, one of 196 ft. and the 
other of 277.5 ft. The roadway is 42 ft. wide with two 7-ft. sidewalks. 
The three symmetrical arches have a ratio of rise to span of 1:2.6. All 
the ribs are 14 ft. wide and have a crown depth of less than 1/80 of 
the span, with two times this depth at the springing line. As on the 
boulevard bridges, there are two ribs for each span, spaced 32 ft. on 
centeys. 

DESIGN DETAILS 

With this general description as a background, an examination of 
certain details of design will be of interest. Two types of floor systems 
were used, similar in all details except in the construction of the road- 
way slab. Floor beams at each panel point are supported on top of 
the columns. The sidewalk slabs are carried by two longitudinal 
members, the outside edge by a series of fascia girders resting on 
brackets from the ends of the floor beams, the curb edge by a series of 
jack arches along the outside face of the columns. On all the Boule- 
vard bridges, except one, the panel length is 15 ft. and the roadway is 
carried by a 14 in. slab designed as a continuous beam and supported 
on top of the floor beams. On the 400 ft. boulevard span and on the 
Westinghouse bridge with panel lengths of 20 and 21 ft., a T-beam 
design was used for the roadway slab. The stems of the T’s are 2 ft. 
on centers, slab thickness is 5% in. and total depth 19 in. In both 
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types of floor, monolithic construction was avoided in the belief that 
the simplification in form work, made possible by the construction of 
separate units, more than compensated for the loss in material. 

In connection with the floor design, attention is called to certain 
features of the deck. Sawed granite curbs, 10 in. high were used on 
all the bridges, and the Westinghouse bridge has an auxiliary curb set 
back 7 in. from and raised 12 in. above the granite curb. The hand- 
railing posts and panel are of malleable iron with structural steel sec- 
tions for the longitudinal members. Considered from the standpoint 
of the view from the deck, the openness of the metal rail is desirable 
and when of substantial character and painted with aluminum, it 
harmonizes satisfactorily with a concrete structure. 

Considerable study was given to design of the columns. On the 
Boulevard bridges an I-beam section was adopted with a depth of 8 ft. 
transverse to the rib, a solid web 12 in. thick, and flanges 18 in. thick 
rarying in width from 2 ft. for the shortest columns to 3 ft. 6 in. for 
columns about 90 ft. long. This is a rather difficult section to pour and 
on the Westinghouse bridge a different type of column was used, con- 
sisting of two shafts 10 ft. center to center transverse to the rib. Each 
shaft is 2 ft. thick and in elevation the width varies from 2 ft. 6 in. to 
4 ft. 6 in. for the 135-ft. columns on the main span. Cross struts at 
intervals not exceeding 30 ft. connect the two shafts. In both types 
the columns are located in such a position under the floor beams that 
the dead load is about balanced about the column center. It was large- 
ly this factor which determined the spacing of the arch ribs. The 
large transverse width has two functions, the distribution of the loads 
and the attainment of lateral stiffness in the structure. The columns 
and floor beams form a rigid frame at each panel point. Because of 
this and the relatively wide ribs no cross struts were used between ribs. 
Model studies of the Westinghouse bridge columns indicated that the 
total load would be fairly equally distributed between the two shafts. 
The longitudinal flexibility of the long columns caused some concern 
to the contractor during construction but furnished convincing evidence 
of the elastic action of concrete members. In the completed structures 
with the column tops braced by jack arches and floor slabs, there is 
no sign of serious vibration from this cause. 

Reference has been made to the general dimensions of the arch 
ribs. The axes conform closely to the dead load polygons and are 3-cen- 
tered curves for the shorter spans and 5-centered for the longer. Rods 
114 in. square were used throughout for reinforcement with an equal 
number top and bottom except at a few points. Light structural 
frames held the rods in position. The ribs were poured in sections 
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and a special welded joint designed for splicing the bars at the keys. 
The details for the rib of the long span on the Westinghouse bridge 
are typical. 

The ribs of these several spans covering a large range in length, 
various cross sections, and proportions of rise to span, and all designed 
under the same specifications offer an opportunity of comparative 
analysis with information resulting in the possible improvement in 
arch design. A study to this end has been made with particular refer- 
ence to the relative value of the different stresses which occur. Such 
analyses have special importance at this time when methods of stress 
adjustment during construction are coming to the fore. 

The stresses in an arch rib may be divided into two broad groups: 
(1) Direct stresses resulting from dead and live load and (2) stresses 
due to arch shortening. 

In the first group are included stresses resulting from distortion due 
to bending only, and in the latter, stresses due to shortening of the 
rib from load, drop in temperature, shrinkage, plastic deformation, 
and movement of the supports. Strictly speaking this grouping is not 
entirely accurate, as for example, a direct horizontal movement of the 
supports in a symmetrical span is the only abutment movement ex- 
actly analagous to rib shortening, but this classification has been used 
as the most convenient one for the purpose here intended. 

Of the stresses in the first group, that from the direct dead load 
thrust, of course, may be accurately determined. The live load 
stresses are dependent upon the loading assumption but within reason- 
able limits readily determined. A factor which has some bearing on 
these stresses is the effect of the stiffness of the superstructure on rib 
stresses. 

Extensive model studies were made for the main span on the West- 
inghouse bridge to determine this effect and in connection with this 
the best location for expansion joints. These studies indicated that 
intermediate joints were of little value in that a large portion of the 
movement in the floor occurred at the end joints even with joints 
throughout the span at short intervals. Other investigators have ob- 
served this same result and a substantial check on this theory has been 
made by actual field measurements on the Boulevard bridges, which 
were constructed with intermediate joints at 4 or 5 panel intervals. 
The Westinghouse bridge was built with joints at the ends of the spans 
only, and for this condition the model studies indicated there would 
be a reduction of 40 per cent in the live load moments. This figure is 
undoubtedly conservative for most cases and has been applied gener- 
ally in the studies previously mentioned 
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Fic. 8—DETAIL VIEW OF WESTINGHOUSE BRIDGE ARCH RIBS AND 
SUPERSTRUCTURE 


A diagram, Fig. 11, gives results of some of these model studies. 
The movements of points in the floor and the openings of the expan- 
sion joints are recorded in micrometer units. In the normal position, 
each joint is assumed to have an opening of 100 units and the total ex- 
tension of the floor is 265 units. In the structure without intermediate 
joints 140 units of expansion occur at the left end and 125 units at the 
right end, the difference being due to the unsymmetrical super- 
structure with the larger movement occurring at the end with the 
longer columns. In the structure with intermediate joints, the move- 
ments at the ends of the span are about the same, 127 and 105 re- 
spectively. The two joints near the center open somewhat and the 
other intermediate joints close. The largest discrepancy between 
the movements of corresponding points on the floors with and with- 
out joints is 22 units. The influence ordinates for moment at the left 
springing line for the various conditions show the material reduction 
due to the stiffness of the superstructure, but indicate that most of 
this effect is lost by the introduction of intermediate joints. In the 
model study with end joints only, sufficient readings were taken to 
obtain the data necessary for calculating bending stresses in the super- 
structure. It was found that serious stresses would not result from 
the omission of expansion joints. 


Proceeding now to a consideration of the stresses in group 2, great 
uncertainties are encountered. Of all those mentioned, the stress due 
to dead load rib shortening may be most accurately determined. 
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Stresses due to temperature are uncertain because of insufficient study 
of existing concrete arches and the same thing may be said of shrink- 
age with greater emphasis on the lack of reliable field data. The pos- 
sible movement of supports is something which, to put it most favor- 
ably, can be estimated only roughly. 





Fic. 10—CELLULOID MODEL AND SET-UP FOR THE MAIN SPAN OF THE 
WESTINGHOUSE BRIDGE 


With these thoughts in mind, a study of the relative safety of shal- 
low and wide ribs as compared with deep and narrow ribs has been 
made as applied to these Allegheny County arches. As an example of 
the results obtained, the stresses for two rib sections at the springing 
line of the 400-ft. boulevard span are shown, Fig. 12. The Jacks Run 
bridge was constructed with a rib 10 ft. wide, 8 ft. deep at the crown 
and 14 ft. deep at the springing. Another rib 16 ft. wide with depths 
54 of those in the rib as built has been analyzed. As will be invariably 
true, the deeper rib shows a smaller stress considering the direct ef- 
fect of dead and live loads alone, but the difference is not large and is 
somewhat reduced when only 60 per cent of the live load moment is 
considered, a condition which is undoubtedly nearer the true one. 
Then, as moment is added, there is a continuing reduction on the dif- 
ference in stress for the two sections until in the extreme cases con- 
sidered, the stress in the shallow rib is less than 85 per cent of that for 
the deep rib, and even for what is here considered as a normal case of 
combined loading, slightly less. Several comparisons of this nature 
have been made for both springing and crown stresses and on spans as 
short as 180 ft. 

The same general result was obtained in all cases, in a more marked 
degree, however, for flat arches in which the shortening stresses are 
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high and in long spans in which the live load stresses are relatively 
smaller. In these calculations, a temperature drop of 40° a modulus 
of 2,000,000 and a shrinkage coefficient of .0002 were used. For the 
extreme condition considered, the moment due to temperature and 
shrinkage was doubled to indicate the possible effect of additional 
moment from any cause such as a temperature drop or shrinkage 
greater than that assumed or movement of the supports. This in- 
vestigation leads to interesting conclusions. Considering the extreme 
condition of combined stress, which gives an index to the ultimate 
safety of the rib, it develops that: 


(1) The live load stress is a relatively small proportion of the total, 
ranging from about 15 per cent for spans approximating 400 ft. to 
about 25 per cent for short spans. These percentages apply to shal- 
low ribs, and are smaller for deep ribs. 

(2) The arch shortening stresses may become more than 50 per 
cent of the total for deep ribs. 

In general it is shown that shallow ribs with a crown depth of about 
1/80 or perhaps 1/100 of the span provide for the direct dead and live 
load stresses almost as well as ribs with a crown depth of about 1/50 
of the span so commonly used. In the meantime these shallow ribs 
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Fic. 12—SpriINGING LINE_STRESSES FOR THE JACKS RUN BRIDGE 
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Fic. 13—DETAILS OF PIER NO. 2 WESTINGHOUSE BRIDGE 


greatly reduce the uncertain stresses included in the general group of 
arch shortening and for this reason have a larger ultimate factor of 
safety. In this respect the design of the Westinghouse bridge ribs is 
better than for the ribs on the boulevard bridges. These shallow and 
wide ribs have other advantages. The appearance is better, and the 
width adds to the lateral stability both for the centering during con- 
struction and for the rib in the completed structure. 


This paper would not be complete without some reference to the 
design of the piers on the Westinghouse bridge. The largest of these 
occurs between one of the short side spans and the main span. It is 
more than 300 ft. high from its foundation on rock to the top of the 
granite pylon above the roadway level. The foundation of the pier 
is 42 ft. by 50 ft. At a distance 15 ft. below the top of the foundation 
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this length is increased to 74 ft. by cantilevers, at either end, which 
carry the pilasters. Above the foundation, the pier is solid up to a 
point above the springing line of the side span, except for a center well 
approximately 15 ft. by 30 ft. Above that point the pilasters are thin 
walls varying from a minimum thickness of 18 in. at the top to 5 ft. 
at the top of foundation, for the side wall of the center well. Ample 
provision for wind and other lateral loads is made by the form of the 
pilaster. The pier is battered 3% in. per foot on all faces and the 
section at the top is about 34 by 66 ft. 

The cost of these various arch bridges varies from about $550.00 per 
ft. for the shortest spans on the boulevard to $650.00 for the longest 
span, and almost $1,000.00 for the Westinghouse bridge, all these 
figures being exclusive of engineering and property damages. The 
costs given for the boulevard bridges were obtained by applying the 
unit prices for the entire project to the particular quantities involved. 
As these unit prices represent averaged figures, they are undoubtedly 
too high for the short spans and conversely too low for the long spans. 


In connection with the costs there is a story which may be told with 
pride in regard to the Westinghouse bridge. The original preliminary 
estimate was $1,540,000.00 and the final cost for the work as originally 
contemplated will be about $1,480,000.00. An architectural feature 
has been added in the form of granite pylons and this will add $90, 
000.00. Including this, the final cost will be within about 2 per cent 
of the original preliminary estimate. All the work described was car- 
ried out under the direction of Norman F. Brown, Director of the De- 
partment of Public Works and V. R. Covell, Chief Engineer of the 
Bureau of Bridges. 


Readers are referred to the JourNAL for December 1932 (Vol. 29) for discussion 
which may develop. Such discussion should reach the Secretary by October 1, 1932. 





























THE CONSTRUCTION OF CONCRETE ARCHES IN 


ALLEGHENY County, PENNSYLVANIA* 
BY V. R. COVELLT 


THE recent construction of the Ohio River boulevard at Pittsburgh 
included ten bridges, six of which are reinforced concrete arch struc- 
tures. The relocation of several miles of the Lincoln highway, East 
of Pittsburgh, a joint project of the County of Allegheny and the Penn- 
sylvania Highway Department, required the building of the monu- 
mental George Westinghouse Bridge. These seven arch bridges were 
designed and their construction supervised by the Allegheny County 
Bureau of Bridges. 


OHIO RIVER BOULEVARD BRIDGES 


The topography in the vicinity of Pittsburgh has resulted in its 
being the “‘most bridged’’ area in the world. The conditions which 
are favorable to the arch as a desirable type of bridge for many loca- 
tions also add to the difficulties of construction. The Ohio River 
boulevard crosses numerous deep ravines and about 75 per cent of 
its length passed through private property. The legal difficulties in 
clearing the site quickly to avoid delay in construction were of con- 
siderable annoyance, both to the County and the contractors. More 
than 100 buildings were razed or moved from the site. In some 
cases construction had to be carried on around buildings until such 
time as legal possession could be obtained. 


The six boulevard arch bridges have spans ranging from 150 to 400 
ft. Each is of the two ribbed type and their total physical cost was 


about $2,000,000, or approximately half the physical cost of the 
Boulevard. 


The first contract for the western section, and including nine of 
these bridges, was awarded to Booth and Flinn Co. in July, and work 
begun in August, 1929. The bridge work was started at the earliest 
possible moment because a large yardage of concrete was required in 


*Presented at the 28th Annual Convention, Washington, D. C., March 1-4, 1932. 
tChief Engineer, Bureau of Bridges, Department of Highways, Cc ounty of Allegheny, Pittsburgh. 
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foundations, all of which in any event could safely be placed during 
the winter. It was important that the bridges be completed early to 
permit immediate completion of the approach fills and thus allow 
proper settlement before paving should begin, in 1930, and because the 
project was so spread out that adequate supervision and control of both 
bridge and road work would be difficult and costly if all their then 
specialized phases were under way at the same time. With nine 
bridges to erect, a definite order of procedure was set up and the smaller 
ones with steel girder and rigid frame construction were built first. 
This construction was not difficult, since no unusually large or special- 
ized equipment was required. 

The contractor’s schedule for the constructon of the reinforced 
concrete arches required that the open approach spans and decks 
should be built first. On the three smaller bridges, a stiff-leg derrick 
having a 150-ft. boom was erected at either end of the approach spans 
to handle the centering and forms, and to place the concrete in the 
arch ribs, spandrel columns and decks. One mixer at each end of the 
bridge was convenient for the operation of the derricks. At Spruce 
Run and Jack’s Run, cableways were used, because of the long multi- 
ple-arch structure at Spruce Run and the 400-ft. span at Jack’s Run. 
The cableway at Spruce Run, with supporting towers and anchors, 
was erected first, with two 2-34 in. steel cables and was used to place 
the steel centering and forms and also to carry the 4-cu. yd. concrete 
buckets. The cables were so cut and the supporting towers so built 
that they could be transferred to Jack’s Run with practically no altera- 
tion. 

The second contract, for the eastern section of the boulevard, in- 
cluded the arch bridge at Wood’s Run, was awarded to the Vang Con- 
struction Co. in February, 1930. This span was erected with cable- 
way and timber centering. The description which follows applies 
in general to the first contract. 

FORMS AND CENTERING 

The forms for the arch ribs and spandrel columns were designed to be 
transferred practically without modification from one arch structure to 
the one next built. The steel centering designed by and leased from 
The Blaw-Knox Co., was also built to permit the same interchange 
by slight modification, quickly effected. The 400 foot arch span over 
Jack’s Run was to be constructed last and to use all of the steel cen- 
tering forms from the other arch bridges. 


The true contour of the intrados of the arch was obtained by the 
use of additional formwork or centering, supported by the steel 
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CENTERING AND FORMS IN PLACE FOR THE NORTHERLY RIB, 
JACKS RUN BRIDGE, AUG. 27, 1930 
SIDE VIEW OF THE CENTERING AND FORMS, JACKS RUN BRIDGE, 
SEPT. 10, 1930 
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Fic. 3—GEORGE WESTINGHOUSE BRIDGE 
Head tower for cableway, west abutment, centering and forms for the north rib of 
Span 5 lowered to move to second position, construction of Pier{4 and erection of 
centering for Span 4, May 4, 1931 
Fic. 5—GEORGE WESTINGHOUSE BRIDGE 
Centering and forms for the north rib of Span 3 in place—looking south. Aug. 5, 1931 
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trusses. The arch-rib forms were built especially tight. Three-ply 
14-in. veneer board was used to cover 4 x 4-in. lagging, and served as 
the intrados surface form. The side forms were made of 2-in. tongue- 
and-groove lumber. All seams and cracks were carefully filled with 
sawdust and glue, after which form oil was applied. These precau- 
tions proved adequate against leakage and gave a dense concrete 
surface, thereby adding to the durability. 


WINTER CONCRETING PLAN AND METHODS 


To safeguard and facilitate winter concreting, a 2,000-ton bin for 
gravel and sand was erected in which 1-in. perforated steam pipes 
were placed at an angle of about 45 degrees upward. The aggregates 
were transferred by crane and clamshell bucket from river barges to 
stockpiles and to heating bins. A 230-ton steel bin, for measuring 
and loading, was erected underneath and received materials by gravity 
from the 2,000-ton bin. The total cost of heating the aggregates, 
including the operation of a boiler and all incidentals, was approxi- 
mately $25 per day for a daily run of about 400 cu. yds. of concrete. 

As a result of an economic analysis made by the contractor, he 
found it advantageous to use high-early-strength cement in the arch 
ribs. The small additional cost was considered of little account in 
view of the advantages gained in the earlier completion of the bridges 
and the elimination of delay. The specifications were practically 
the same as those which were later adopted by the American Society 
for Testing Materials, for high-early-strength cement. 

Temperature changes were frequent and rapid and it was considered 
advisable to guard against the low temperatures by using a concrete 
developing from 1,800 to 2,100 p.s.i. compressive strength in 24 hours, 
thereby reducing the curing period to approximately 30 or 40 hours, 
with its attendant reduction in costs. 

These strengths were developed, using Ohio River gravel in a 
1:2:4mix. The advantage of gaining high early strength applies also to 
the keyways, where it was imperative to develop more than 2,000 
p.s.i. compressive strength as quickly as possible in the face of fairly 
rapid temperature changes. Any sudden drop or rise in temperature, 
causing contraction or expansion in the steel centering, would probably 
have been disastrous to any concrete in the ribs which had not ac- 
quired the strength for which it was designed. This plan proved to 
be successful. The importance of moving the leased-steel centering 
from bridge to bridge with as little delay as possible in order to re- 
duce rental charges was also of considerable concern to the contractor. 
Had the hardening advanced more slowly, additional centering would 
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have been required to complete the work within the same time limits. 
The centering was struck four days after placing the arch keys, there- 
by permitting a saving of 15 to 18 days per arch rib. . The spandrel 
column forms were started the day following the placing of the ribs, 
and the column placing was started from one to two days after plac- 
ing the keys. 

The inspector at the batcher plant made frequent tests to determine 
the temperature of the aggregates as they were placed in the trucks. 
Heat was required at all times regardless of the atmospheric tempera- 
ture, after winter operations began. The average daily air tempera- 
ture for the months of December, January and February was 29° F. 
and the average temperature of the aggregates leaving the bins was 
109°. No concrete was placed when the air temperature was below 
15°. The trucks were covered with tarpaulins to prevent loss of heat. 
Warm water was used for mixing and in addition an oil burner was 
operated in the mixer. The average temperature of the concrete, 
when placed in the forms during the three-months period, was 71°. 
Metal tubes were inserted at various points in the concrete mass and 
the temperature of the interior of the concrete was taken at intervals 
after placing. 

All high-early-strength cement concrete used in the winter opera- 
tions in the arch ribs throughout, was closely protected by tarpaulins 
under which perforated steampipes were placed. The average in- 
terior temperature of this concrete at the end of 24 hours, while being 
enveloped in steam curing on all sides, was 113°. Steam curing ceased 
at the end of 48 hours, after which the concrete was exposed to air 
temperature averaging 29°. At the end of 7 days the average interior 
temperature of the concrete had decreased to 53°. The concrete 
specimens were stored under curing conditions at approximately 70° 
and were tested for compressive strength at various ages, such as two, 
three and seven days. Knowing the interior temperature of the mass 
and the results of tests obtained at 70° curing, the engineer in charge, 
after applying an ample safety factor, was in a position to judge ac- 
curately the time at which the forms might be removed and the cen- 
tering withdrawn. 

The concrete materials were mixed for one and one-half minutes 
and delivered to the forms by buckets operated by derrick, or by cable- 
way. Exceptional care was taken in spading the concrete, especial- 
ly in the arch ribs, where the reinforcing rods were spaced 6 to 8 in. 
and about 4 in. from the intrados and extrados surface. Ohio River 
sand and gravel were used throughout, 95 per cent of the latter pass- 
ing a 114 in. screen. 
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Fic. 6—CENTERING AND FORMS IN PLACE FOR THE NORTH RIB, 
DILWORTH RUN BRIDGE, NOV. 25, 1929 


Fic. 7—GEORGE WESTINGHOUSE BRIDGE 


Ribs of Span 1 completed; north rib of “7 2 completed, and centering and forms in 
place for the south rib; roadway deck of Span | being constructed. Apr. 9, 1931. 
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The Dilworth Run, Spruce Run and Fremont Street arches were 
constructed in the winter, and it is believed that these were the 
first bridges of large size in which high-early-strength cement was 
used in the arch ribs. This was to the advantage of both the County 
and the contractor. The time of construction and curing was greatly 
reduced. The contractor’s overhead costs were lessened and the public 
gained about seven months’ earlier use of the project. 


The arches at the Jack’s Run, Verner Road and Wood’s Run bridges 
were built under summer conditions when it was not considered ad- 
vantageous to use the high-early-strength cement, except for the 
keys. The Jack’s Run bridge is notable in that it has a span only 
slightly less than the greatest previously built in America. 


GEORGE WESTINGHOUSE BRIDGE 


The George Westinghouse bridge, named for the founder of the 
Westinghouse Electric & Manufacturing Co., and near the main 
works of that company, is outstanding in that the main central span 
is 460 ft., center to center of piers, and is the largest reinforced con- 
crete span yet constructed in America. Looking up the valley from 
this bridge one can see the group of buildings from which the first 
broadcasting was done from Station KDKA, the Pioneer Broadcast- 
ing Station of the World, and a look down the valley reveals the site 
of Frazier’s Cabin, visited by George Washington upon his return 
from Fort LeBoeuf near Lake Erie, as well as a portion of Braddock’s 
Field, upon which the English General Braddock was mortally wounded 
in a battle with the French and Indians, George Washington being 
his Aide, both of which sites are now occupied by a large steel mill. 
Attention should probably be called to the fact that the valley in 
this vicinity has four traffic levels—the public highway and street 
cars on the lowest level, crossed overhead by the Pennsylvania Rail- 
road tracks, which in turn are crossed overhead by the Union Rail- 


road tracks and then by the Westinghouse Bridge, high above them 
all. 


The contract was awarded in May, 1930, to Booth & Flinn Co., 
which had the first contract on the boulevard. Work on the abut- 
ments and the four piers was started at once and almost simultaneous- 
ly. Both abutments are founded on sandstone, which is reached a 
short distance below the surface at both locations. As the 130-ft. 
cut, just back of the east abutment, had not been made by the State’s 
contractor in time to permit the erection of the tail tower of the cable- 
way, clear of the masonry, it became necessary to complete this abut- 
ment at an early date to allow the erection of the tower on the masonry 
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itself. The site of the abutment was very difficult of access, and it 
became necessary to excavate for the foundations by hand, and to 
convey the concrete in chutes from the nearest available point where 
a mixer could be set up and materials delivered by trucks. A 400-ft. 
chute, equipped with two intermediate control hoppers, delivered 
concrete to a two-cubic yard receiving hopper. From here it was 
wheeled by hand buggies to the forms. 

Pier 1 was carried down 50 ft. to a rather soft red shale and Pier 
4 to a hard sand shale at a depth of 35 feet, by open excavation. 
Piers 2 and 3 were designed as caissons to be placed under air and 
sunk to bed rock. It was found, however, that air was not required 
as both piers were kept unwatered without difficulty and concrete 
was placed in the dry. Pier 2 was carried down 90 ft. and Pier 3, 55 ft. 
The total excavation for foundation amounted to 24,000 cu. yds. 

SUPERSTRUCTURE 

Mixers were set up at each pier and concrete placed in accordance 
with the construction schedule to an average height of 30 ft. above 
the ground. During this period the cableways were being erected. 
The cableway system adopted consisted of two cables over the north 
rib, where the steel centering was first erected by use of the cableway, 
and one cable over the south rib. The two north cables were 2-%4 in. 
in diameter and the south cable 2-% in. in diameter. The cableway 
span was 1600 ft. with an unloaded sag of 75 ft. and a capacity of 30 
tons. Under a 25-ton load the sag amounted to over 90 ft. 

Steel centering was used, much of it being brought from the Ohio 
River boulevard bridges where it had previously been used. The 
contractor constructed the two end arches first and used them as 
tiebacks for the erection of the centering under the intermediate 
arches. The intermediate arches were then constructed before erect- 
ing the larger central spans. Centering for each arch was erected by 
the two north cableways. After the north rib was poured and had 
attained sufficient strength, the rib centering was lowered and slid, 
on runways provided for that purpose, into position for supporting 
the south rib. The centering for the main span consisted of three- 
hinged tied arches supported by two steel towers 163 ft. apart which 
supported this combination of centering, with a total weight of 710 
tons. Light steel falsework was then built up from the tops of these 
three arches to support the main arch forms. 


It required skillful handling to shift this extensive falsework just 
described from the first position under the north rib to its second posi- 
tion ready to support the south rib. Great credit must be given to 
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those responsible for the design, erection and shifting of this extensive 
falsework structure. 


CONCRETE OPERATIONS 


The plant layout for placing the large amount of concrete in the 
superstructure of this bridge was as follows: A central mixing plant 
was set up under the main span at which point approximately 37,000 
cu. yds. was mixed and placed in piers, arch ribs, columns, beams 
and roadway slabs until it became necessary to abandon this plant 
in order to construct the main span directly overhead. At this time 
the plant was moved to a location just back of the west abutment 
where batched material and cement could be delivered by truck in 
the same manner as it had been received at its first location. This 
involved the hauling of concrete materials a greater distance, and for 
certain parts of the structure, involved a longer haul of the mixed 
concrete by cableway. 

USE OF CRUSHED STONE AGGREGATE 

The Pennsylvania Department of Highways suggested, after the 
contract was awarded, the substitution of crushed limestone aggre- 
gate for gravel in the arch ribs, columns and deck. This was agreed 
to by the County and added somewhat to the cost of these parts of 
the structure. In this connection it might be well to point, out that 
in the batching of materials for the limestone concrete, which was 
done entirely by weight at a well equipped plant within easy trucking 
distance, it was found necessary to make some adjustments from our 
standard 1:2:4 specifications for gravel concrete in order to secure a 
workable mix. Even though the fine aggregate was slightly in- 
creased with a corresponding decrease in the course aggregate, more 
“are was required in placing the concrete to eliminate voids and 
honeycomb, than was required with the gravel concrete on the boule- 
vard bridges. 

HIGH EARLY STRENGTH CEMENT 


The schedule carried out on the Ohio River boulevard bridges 
seemed to warrant fully the use of high-early-strength cement for 
arch ribs, constructed in the winter. On the Westinghouse bridge 
the arch ribs, with the exception of span 1, were poured in the spring 
and summer of 1931, and the use of high-early-strength cement was 
confined to the keys of the arch ribs. 


MATERIAL INSPECTION 


Credit should be given to P. J. Freeman, Chief Engineer of the 
Bureau of Tests and Specifications and his corps of assistants for 
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the efficient manner in which all materials entering into the construc- 
tion of these arch bridges was inspected, and for the supervision of 
the methods of mixing and handling the concrete. 


Editor’s Note—Illustrating the paper the author presented in addition to still views 
shown herewith, two short motion picture films showing the construction methods. 


Readers are referred to the JournNAL for December 1932 for discussion which may 
develop. Such discussion should reach the Secretary by October 1, 1932. 











Discussion of a paper by J. C. Pearson: 


‘‘PROPERTIES AND PROBLEMS OF MASONRY CEMENTS’’* 


BY J. C. PEARSON 





P. H. Batest—It will be noted in Table 1 that the author 
indicates he is indebted to L. A. Palmer for the arrangement of the 
apparatus shown in Fig. 5. This statement does not make clear that 
Mr. Palmer was not the originator of the equipment. The designing 
of this piece of apparatus and the working out of the method of using 
it is due to J. S. Rogers of the Bureau of Standards. Quite some time 
after it was designed and put into use by Mr. Rogers, Mr. Palmer also 
carried out a series of tests in which he used it. 


F. O. Anderegg{—I believe Mr. Pearson’s statement of the masonry 
mortar situation to be eminently fair. I should like to emphasize 
two points: In the first place, the bulk of leakage through a masonry 
wall occurs between the masonry unit and the mortar. It seems to 
be about as bad in the horizontal as in the vertical joints. Anything 
that can be done to keep the mortar from shrinking away from units, 
especially in localized areas whereby a network of capillaries is left, 
should receive careful attention. In the second place, while not wish- 
ing to deprecate the importance of strength of mortar, too much 
should not be sacrificed in workability or in the flexibility of the mortar 
in the joint for the sake of mere strength. Where walls have been 
laid up in mortar so strong as to make the wall practically monolithic 
many cases of serious cracking have come to my attention. It is 
much wiser to secure a better balance among the several properties 
desirable in the mortar. 


W. D. M. Allan**—I question whether our knowledge of the require- 
ments for satisfactory masonry construction warrants now a definite 
arrangement of the properties of masonry cements or masonry mortars 
in the order of their importance as shown in Mr. Pearson’s paper, 
(page 350). There has not been sufficient study outside of laboratories 








*A.C. I. JourNAL, Feb. 1932, Proceedings, Vol. 28, p. 349. 

tChief Clay and Silicate Products Division, Bureau of Standards. 
tConsulting Engineer, Pittsburgh. 

**Manager Cement Products Bureau. Portland Cement Assn. 
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of the performance of masonry walls to justify saying that strength of 
mortars is less important than the tendency to cause or prevent 
efflorescence or that strength is less important than elasticity. The 
necessity for high strength has been overemphasized but nothing will 
be gained by going to the other extreme. Would it not be more 
accurate not to attempt to evaluate these properties until more data 
are available? 


Those interested in masonry materials are confronted with an 
unusual situation. Specification bodies and building commissioners 
are gradually raising the strength requirements of masonry units and 
now we are told that strength is not an important property of the 
mortar in which these units are laid. It doesn’t seem logical to require 
masonry unit manufacturers to increase the strength of their products 
and at the same time lower the strength requirements on the mortars 
with a resultant reduction in the strength of walls. 


It is recognized that the strength of the mortar in the joint in some 
cases may be stronger and in others weaker than in the test specimen. 
A thousand-pound mortar in a cube may not have a thousand-pound 
strength in the joint due to improper curing or other factors or due to 
the height of the mortar joint the mortar strength may be considerably 
higher than the test specimen. 


Strength of mortar is much more important in hollow than in solid 
masonry wall construction because the percentage of bedding area is 
much smaller in hollow masonry. The 250-pound strength value that 
Mr. Pearson quoted was probably intended to apply to solid masonry 
construction. If hollow masonry were used the strength of the mortar 
with the same wall load would have to be substantially increased. 
Building codes permit a maximum load of 70 p.s.i. on hollow masonry 
walls if portland cement-lime mortars are used and 80 p.s.i. if portland 
cement mortars are used. Assuming that a portland cement-lime 
mortar is used and a 70-lb. working load is allowed on the wall, Fig. 1 
shows that as the percentage of air space in the unit is increased and a 
change is made from full mortar to face shell bedding that the strength 
of mortar required for hollow masonry walls increased from 284 p.s.i. to 
1,000 p.s.i. Nearly half of the common masonry is hollow unit con- 
struction. 


Table 1 shows the percentage of mortar bedding area available 
with different types of hollow units, both concrete and clay. For full 
web bedding the area available for mortar varies from 28 to 66 per 
cent of the gross area and that for face shell bedding the area availabl 
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pa = Ny bi | Mortar Bedding Area Mortar 
or .perbloch | Stress in Strength 

Mortar at Required for 

Joint Joint Factor of 

% of Sq. In ee Safety of 4 
Gross Area per Unit p.s.i 
a 100 126 71 28 
1:2:9 
b 60 76 118 72 
1:1:6 
ri 45 iy 157 625 
1:1:6 
d 47 59 152 608 
1:1:6 
r 28 +6 250 1000 
1:1:4 








FIG. 1 EFFECT OF BEDDING AREA ON STRESS AT JOINT 


for mortar varies from 19 to 51 per cent. 


The same loads are per- 
mitted on all of these units. 


A wall built of units with 19 per cent 
bedding area requires mortar with five times the strength that the 
same wall would require if built of solid units using the same load. 


Even though building code limitations permit 70 or 80-pound loads 
on hollow masonry construction, in the majority of buildings a uniform 
load this high is not reached, but in piers, sections between openings 
and where concentrated loads are carried to the wall, stresses at least 
as high as building code limitations are obtained. While the load over 
the total bearing area of the wall might not be over 60 p.s.i., as pointed 
out by Mr. Pearson, there are portions of the wall where the load is 
substantially more than this. 


TABLE 1—MORTAR BEDDING AREAS 
Common Designs of Concrete Units and Clay Tile 


Description of Unit 


Face Shell 
rhickness 


Mortar Bedding Area 
Per Cent of Gross Area 





3 Oval core, 8 x 8 x 16 in 


Inches 


Concrete Units 


134 
3 Oval core, 8 x 8 x 16 in. 1% 
3 Oval core, 8 x 8 x 16 in. 14 
2 Sq. core, 8 x 8 x 16 in 2% 
2 Sq. core, 8 x 8 x 16 in 1%%4 
2 Sq core, 5x 8 x 12 in l 

2 Sq. core, 34% x 8 x 12 (Stonetile 1% 

Clay Tile End Construction 

6 Cell, 8 x 12 x 121n 4 
9 Cell, 8 x 12 x 12 in.. M4 
6 Cell, double shell, 8 x 12 


Heath cube, 8x 8x Sin. 


x 12 in 


Full Face Shell 
bb 51 
60 45 
52 38 
59 54 
50 46 
40 20 
58 5D 
25 1y 
38 19 
31 25 
61 10 
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Loads on brick masonry permitted by building codes vary from 
150 to 300 p.s.i. With a factor of safety of 4 the mortar strength 
would have to be from 600 to 1200 p.s.i. 


Strength required of mortars depends partly on the percentage of 
area available for bedding and the amount of this available area that 
is actually bedded. Even in solid masonry construction large portions 
of the available bedding area are not bedded. On some of the thin- 
wall hollow units it is nearly impossible to get all available bedding 
area actually bedded. To the extent that the area is not bedded the 
stress on the bedded mortar is increased. 

Considering the large number of hollow units used, the large amount 
of furrowed mortar bedding in solid brick work, and present building 
code allowable working loads, a minimum strength of 1,000 pounds 
should be established for masonry mortars in load-bearing construction. 


Lee S. Trainor*—Mr. Pearson is to be congratulated upon the broad 
policy adopted in presenting the necessity for thorough and pains- 
taking studies of the properties and problems of masonry mortars. 


A review of current technical literature reveals reoccurring reports 
of unsatisfactory unit masonry construction, especially during recent 
years. Field and laboratory studies both indicate that the kind and 
character of mortar used exerts considerable influence upon the quality 
and satisfactory performance of the completed masonry assemblage. 


Straight lime mortars have been used successfully in unit masonry 
construction since the earliest history of civilization, and in all parts 
of the civilized world today with complete satisfaction. Therefore 
Mr. Pearson’s statement in the third sentence of his opening paragraph 
seems out of accord with the facts. Mr. Pearson may speak with 
authority on other materials, but his statement regarding lime is 
open to successful contradiction and emphasizes the need of more 
complete information, as lime mortar is preferred for some types of 
work, and especially so with some types of units. 


The table of properties of mortars deserves careful study since the 
time is near when mortar specifications generally will be based on 
properties of the resulting mortars. Personally, I would place bond 
strength or adhesion second, rather than fourth in the list of properties. 
My conception of this property covers durability of bond or adhesion 
over the life of the masonry, and from this view is of major ‘mportance. 


Mr. Pearson’s statement, “In vertical joints, it is inconceivable that 
mortar can flow in from above or below and therefore openings of some 


*Chief Engineer, National Lime Association, Washington, D. C. 
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sort must result,’’ should have been considered under “rate of stiffen- 
ing’ instead of under “‘volume change during early hardening’. 

Whether or not mortar can flow in the early stages depends upon 
the properties of the units. With fast absorbing dry press bricks, Mr. 
Pearson’s statement holds for practically all mortars. With such 
units set dry, the rapid withdrawal of water from the mortar causes it 
to compact within a few minutes time and before any appreciable 
cementing action (development of cohesion) has taken place. The 
mortar stiffens suddenly and cannot flow. With more impervious 
units, this does not happen. 

In a letter published in the November 21st, 1931 issue of Roch 
Products, Palmer differentiates between compacting of mortar on a 
porous base and shrinkage of mortar during early hardening. Com- 
pacting on a porous base occurs prior to and not during hardening 
due to cementing action. The shrinkage attending compacting is 
relatively large and is essentially unidirectional, i. e., downward in 
bed joints and laterally in vertical ones. Segregation (something 
probably worse) is another attendant circumstance or consequence. 
Due to the rapid withdrawal of water, the mortar becomes relatively 
rich in cement at the contact surface of the fast absorbing unit. 

Ordinary shrinkage during early hardening or initial shrinkage as it 
is usually called is not attended by segregation of sand and cementing 
material; it is omnidirectional and occurs during the process of harden- 
ing. Thus segregation, shrinkage and rapid stiffening constitute 
three factors, all of which tend to prevent adhesion of mortar to unit. 

In no publication has this rapid compacting ever been definitely 
called initial shrinkage. Either it is not defined at all or, has been 
defined as a diminution in volume accompanying hardening through 
cementing action. This is the meaning tacitly given by Pearson in an 
earlier publication.! 

It is evident also that shrinkage during early hardening is less on a 
porous than on a non-porous base, whereas as already indicated, the 
reverse is true for compacting. The rapid lowering of the w/c ratio 
on a porous base during compacting and prior to cementing action, 
lessens appreciably the degree of subsequent shrinkage. 

Palmer points out the effect of compacting on a porous base in 
Bureau of Standards Research Paper 290, and recommends that fast 
absorbing brick be wetted to improve the bond. In not referring to 
such compacting as initial shrinkage, he was but adhering to the com- 
monly accepted meaning that wetting fast absorbing brick may not be 
necessary if mortars of sufficiently high water retaining capacities are 


'Proceedings American Concrete Institute, V. 17. 1921. p. 135 
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used. Apparently mortars of high water retaining capacity compact 
less on a porous base and vice versa. At the same time we know that 
a mortar of high water retaining capacity usually undergoes a high 
shrinkage during early hardening. When, therefore, it is realized that 
mortars which compact most, shrink least during hardening and vice 
versa, the necessity of differentiating between these two properties 
becomes apparent. 

The effect of shrinkage during early hardening, apart from com- 
pacting on a porous base should receive further consideration. The 
magnitude of such shrinkage is not alone responsible for openings in 
vertical joints. The rate of hardening is important. The higher this 
rate the more damaging the shrinkage and conversely. 

The indication that water-retaining capacity is an index to the 
property, plasticity, is indeed interesting. This is considered at 
length in an account of the present investigation of masonry mortars,” 
and there are, no doubt, other factors related to plasticity. For 
instance, it is well to consider the density of the mortar in its relation 
to trowelling resistance and friction between particles which may or 
may not be related to water retaining capacity. 

Mr. Pearson states that ‘The value of high bond strength or adhesion 
in masonry mortars needs no particular discussion.’”’ Strength of 
bond, as apart from other properties of the mortar at early ages has 
been grossly overemphasized. The desirable condition is one of 
durability of bond which tends to maintain the unit and mortar in 
constant, intimate contact one with the other. 

Sabin’ states that ‘In a mass of masonry a failure is more likely to 
occur in adhesion than in cohesion.” 

The real issue confronting those interested in unit masonry con- 
struction is one of excessive penetration, and in some cases excessive 
transmission, of moisture into and/or through the exposed walls. 

Mr. Pearson and many others have been quick to lay the responsi- 
bility for this condition at the door of the architect and/or bricklayer 
charging faulty design and/or incompetent workmanship. The great 
majority of the structures designed by recognized architects are 
correct from the viewpoint of adequate safeguards against the pene- 
tration of excess moisture, and it is evident that the bricklayer has 
been handicapped in producing water-tight masonry by harsh-working, 
short mortars. Where mortars of high workability and having a good 
rating under the other properties of mortars as set up by Mr. Pearson are 
used, a measurable improvement in workmanship is immediately seen. 





*Rock Products, Feb. 13, 1932. p. 52 
*L. C. Sabin, ““Cement and Concrete,” 2nd Ed., 1907. 
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Attention should be directed toward the production of masonry 
assemblages free from holes, cracks and crevices between the unit and 
mortar. Studies of masonry mortars should take into account the 
properties rather than composition of the mortar. 


A. T. Malmed*—I am not here in defense of portland cement, lime 
or masonry cements. All are excellent materials; each has its virtues 
and limitations. By the same token that portland cement interests 
have foolishly stressed the point of high strength, the lime people are 
as foolishly stressing high plasticity. We agree that great strength is 
not required for masonry construction, but surely a substantial 
amount of strength is important. We agree that plasticity is necessary 
and important, but it is silly to exaggerate its importance. Instead 
of placing plasticity at the top of the list and strength at the bottom 
of the list, a happy medium should be struck. 

Numerous statements have been made on shrinkage of mortars and 
we have been presented with a dozen different shrinkages, but other 
investigators say these tests in air-tight molds are no indication of the 
action of mortar in contact with brickwork. No one is as yet in a 
position to make a definite statement regarding shrinkage. 

Listening to proponents of lime one would think that portland 
cement is a “necessary evil,’”’ and that the only way to produce non- 
shrinkable and plastic mortar is to use straight lime. Let us take this 
hotel as an example. Go along the veranda as far as the drugstore. 
It was erected in 1918. The addition on the other side of the drugstore 
was erected about three years ago. The lime people say that “all’’ 
the shrinkage is in portland cement and in masonry cements and that 
there is no shrinkage in lime mortar. 

The mortar in the building erected in 1918 is made of practically 
all lime. The building erected three years ago has 1:1:6 portland 
cement-lime mortar. Examine the mortar joints in both buildings, 
particularly the cross joints and compare them, and then ask yourself 
in which building you have seen greater shrinkage of mortar away 
from the brick. 

In the building where lime mortar was used you will see an enormous 
amount of shrinkage of the mortar away from the brick. A great many 
of the cross joints are half filled which does not check with the con- 
tention of the lime people that given a mortar of extreme plasticity 
the bricklayers are more apt to fill the mortar joints as the mortar will 
flow into the cross joints without much effort. If this contention is 
correct why are so many of the lime mortar cross joints half filled? 


*President Hy-Test Cement Co., Inc., Philadelphia 











672 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE—Proceedings 


On the other hand you will find very little shrinkage where the 
1:1:6 portland cement-lime mortar was used and all the cross joints 
are well filled. It shows that elbow-grease and workmanship are still 
necessary regardless of the plasticity of mortar. 

Mr. Pearson struck the nail on the head when he said that it is 
unfortunate that so much interest is being concentrated on mortars 
when there are many other factors much more important than the 
mortars. The representative of the Lime association has cited a 
building in Panama laid in lime mortar which has been up a hundred 
years and the mortar has not shrunk. Why go to Panama when you 
ean pull the lime mortar out of the mortar joints right here at this 
hotel. Go out and try it before you leave. 


S. H. Ingberg*—In the matter of tests on mortars, it appears to 
me that there is a type of stress connected with the transverse strength 
of the wall that might be considered in designing tests of this kind. 
The tests reported this morning had to do with transverse strength on 
the vertical span. In addition to that, where columns or heavy 
pilasters are present it appears that the transverse strength of the 
wall for equal spans is greater between columns that it is between 
floors, particularly for hollow units. The vertical joints being broken, 
the stress is less one of tension in the mortar or adhesion to the unit 
than one of shear in the mortar, particularly with end construction 
units, and any design of test specimen to determine the relation of 
properties of the mortar to the transverse strength of the wall should 
take this into account. 


R. E. Millst—It is evident from the tests reported by Mr. Pearson 
as well as those of other investigators, that reliable quantitative data 
on masonry cements are few. In an effort to evaluate some of the 
fundamental facts, an investigation was instigated in the Testing 
Materials Laboratory, Purdue University, in the summer of 1930. 

The several physical properties considered in this investigaton were as follows 


(1) Tensile strength of mortars (Standard briquettes) 

(2) Compressive Strength of Mortars (2-in. cubes) 

(3) Absorption tests of mortars (2-in. cubes) 

(4) Durability of mortars (Freezing and thawing tests on 1-in. cubes) 
(5) Volume change observations (2 x 2 x 24 in. beams) 


The tests have involved approximately 4,400 strength and absorption determina- 
tions, together with about 95,500 freezing and thawing and volume change 
observations. 

In the manufacture and testing of all specimens standard laboratory practice was 
followed and whenever possible conducted in accordance with A. 8. T. M. specifica- 
tions. The specimens were all cast in non-absorptive molds and stored for an initial 
period of 24 hours in a moist room. At the end of 24 hours they were removed from 


*Bureau of Standards, Washington. 
tResearch Assistant, Engineering Experiment Station, Purdue University 
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the molds and stored under three conditions; (a) laboratory air, (b) moist room and 
(c) water immersion. Strength tests"were conducted at 3, 7 and 28 days and 6 
months. 
The mortar sand was a well graded washed sand with a fineness modulus of 2.73 
The cements used in the tests were as follows: 


(a) Composite portland cement. Mix, 1 cement : 3 sand by volume 

(b) Four, patent commercial masonry cements common in this territory Mix, 1 cement : 3 
sand by volume 

c) Three, hydrated lime-portland cement mixtures; 
Mixes, (1) 


(2 


(3) 


cement : 1 lime : 4 sand by volume 
cement : 1.5 lime : 5 sand by volume 
cement : 2.3 lime : 6.7 sand by volume 


— i 


In calculating the mixes, by volume, unit loose weights were determined for the 
cements and hydrated lime. A proportion was then established, for the portland 
cements, between this loose unit weight and the accepted standard value of 94 lbs. 
per cu.ft. With this relation a series of unit weight values was calculated for each of 
the patent cements and the cement-lime mixtures. 

The amount of mixing water used in the different mortars was gaged so that the 
same consistency was produced in each mortar as was found for the Ottawa sand 
standard mortar. 

Mr. Pearson states that most of his work has been done on mixtures 
of portland cement and hydrated finishing lime. Under strength 
tests he discusses principally the variation in strength as affected by 
the method of proportioning. 

In the Purdue tests, four patent masonry cements were studied as 
well as mixtures of portland cement and lime. The proportioning was 
all on a volume basis as determined by the unit weights of the several 
materials. 

(1) Under all storage conditions, each of the masonry mortars 
showed higher tensile and compressive strength values with increases in 
age up to six months. However, the amount was only slight beyond 
the 28-day period, for the air stored specimens. 

(2) A comparison of the strength values (tensile and compressive) 
for the different mortars shows that: 

(a) The portland cement mortars were the strongest, developing strengths at 
least equal to the strength of the basic 1:3 Standard Ottawa sand mortar. The 
average 28-day strength for the standard Ottawa sand mortar was, tension 360 p.s.i., 
compression 4,280 p.s.1. 

(b) In the patent cement mortar group, the strengths developed at 28 days, in 
tension and compression, were 23 and 13 per cent respectively of the basic standard 
Ottawa sand mortar. 

ce) The portland cement-lime mortars developed strengths almost directly pro- 
portional to the cement content of the mix, these strengths ranged from 41 to 81 
per cent in tension and 31 to 68 per cent in compression of that developed by the 
basic 1:3 standard Ottawa sand mortar. 

The absorption tests were conducted upon 7- and 28-day specimens, 
(2-in. cubes) air dried in the laboratory after their initial 24 hours in 
the moist room. The rate of absorption was approximately the same 
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for all mortars, the major part occurred during the first 30 minutes 
following immersion of the specimens. Absorption values at the end 
of 48 hours were, portland cement mortar 6.7 per cent, all other 
mortars ranged from 8.24 per cent to 9.88 per cent. 

For all conditions the portland cement mortars showed the greatest 
resistance to freezing and thawing tests. The specimens were only 
about 14 disintegrated at the end of 120 cycles. In the patent cement 
mortar group, two of the mortars broke down rapidly, being com- 
pletely disintegrated at about 35 cycles. However, the other two 
patent cement mortars were very resistant showing about % disinte- 
gration after 120 cycles. The portland cement-lime mortars showed a 
resistance to freezing and thawing depending upon the cement content 
of the mix. For the 1:1:4 mix, complete disintegration was reached at 
about 120 cycles, while the 1:2.3:6.7 mix broke down in about 40 
cycles. 

It is evident from Mr. Pearson’s discussion that volume change is 
considered one of the most important characteristics of masonry 
cements. However, the various investigators seem tc be of somewhat 
different opinions as to when volume change is the most serious, and 
what laboratory methods should be used in determining volume change 
of a mortar. 

In the Purdue tests it was found that for continuous saturation all 
of the mortars show expansion. At the end of 500 days the portland 
cement mortar showed .014 per cent, the patent cement group ranged 
from .013 per cent to .070 per cent, while the portland cement-lime 
mortars ranged from .112 per cent for the 1:1:4 mix, to .154 per cent 
for the 1:2.3:6.7 mix. 

Again, for continuous drying in the air of the laboratory all of the 
mortars show contraction. At the end of 500 days the portland cement 
mortar showed .117 per cent, the patent cement group ranged from 
.086 per cent to .112 per cent, while the portland cement-lime mortars 
ranged from .086 per cent for the 1:2.3:6.7 mix, to .099 per cent for the 
1:1:4 mix. 

In a third series the specimens were intermittently saturated and 
dried out for periods of 120 days each. This procedure produced 
results that differ somewhat from those found in the other tests. At 
the end of the second saturation period the Portland cement mortar 
showed a contraction of .010 per cent, the patent cement group showed 
contractions ranging from .036 per cent to .0O87 per cent, while the 
portland cement-lime mortars showed expansions ranging from .060 
per cent for the 1:1:4 mix, to .085 per cent, for the 1:2.3:6.7 mix. 
Again, at the end of the second drying-out period the portland cement 
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mortar showed a contraction of .073 per cent, the patent cement group 
showed contractions ranging from .103 to .157 per cent, while the 
portland cement-lime mortars showed values ranging from a contrac- 
tion of .005 per cent for the 1:1:4 mix, to an expansion of .031 per cent 
for the 1:2.3:6.7 mix. 


AUTHOR’S CLOSURE 


J.C. Pearson—The constantly increasing number of variables that 
enter into modern masonry construction has resulted in conditions 
somewhat indeterminate on the basis of present knowledge; hence the 
occurrence of serious faults in a number of large buildings has precipi- 
tated a deluge of discussion and expression of opinion as to causes. 
Since these defects began to attract attention at the same time that 
the masonry cement business was developing, the possibility of a con- 
nection between these two things was capitalized by some interests, and 
propaganda resulted which did nothing but stir up a controversy 
regarding the merits of different types of masonry cement, created 
the unfortunate impression that the new cements were largely respons- 
ible for the failures, and in general beclouded the issue. 

The good that has come out of this situation is that it has created a 
determination on the part of those interested in better masonry con- 
struction to get at the essential facts. Thus the building industry may 
feel gratified that two important committees of the American Society 
for Testing Materials have been established to study the properties 
of masonry cements and mortars, and that research in this subject is 
now going on at a number of institutions. I believe it is better to 
await the results of these studies than to add further to the already 
over-voluminous discussion of masonry cements at this time. 











Discussion of a Paper by F. FE. Richart: 


“THE STRUCTURAL PERFORMANCE OF CONCRETE 


MASONRY WALLS’’* 


Einar Christensen}: Yesterday I enjoyed remarks by our chairman, 
Mr. Bates, addressed to the makers of concrete masonry units, in 
which he stressed the point that the manufacturer of these units 
should not be satisfied until he knows the behavior of his material 
in the wall. I think that this paper by Professor Richart gives us a 
great deal of such information. It is an admirably planned and care- 
fully carried out investigation of wall performance. 

The behavior of a masonry unit in the wall is not only determined 
by the character of the unit itself—it is affected by workmanship, by 
wall design, by the other component parts of the wall, by exposure, 
stresses, and so on. The paper today throws considerable light on 
this wall behavior—it shows how concrete masonry walls behave 
under concentric loads, under eccentric loads, with different types of 
mortar, and different workmanship. 

A good paper deserves close scrutiny—-and I have read this one 
carefully. One part I do not like, because I think it deals inadequately 
with wall performance under actual conditions. In chapter 13. on 
flexural strength of walls, are many explanatory notes, indicating that, 
in the author’s opinion, the data obtained are not immediately avail- 
able for practical application. The busy reader, who wants to use 
the results may not read all these explanations; he accepts the con- 
clusion to mean that a concrete masonry wall under actual conditions 
may be expected to have a modulus of rupture ranging from 18 to 
50 p.s.i-~—which is true of the walls as tested, but not of walls as 
they occur in regular construction. 

The reservations of chapter 13 are important. The walls under 
test carried no direct vertical load, were not continuous, and were not 
restrained in any way at the edges. Being subjected to lateral forces 
under these conditions, the walls did not fare so well—but the per- 
formance is no criterion of the behavior of ordinary walls under wind 


*A.C. 1. JourRNAL, Feb. 1932; Proceedings, Vol. 28, p. 363 
+Consulting Engineer, New York N.Y. 
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pressure. In this the investigation does not yield data equally as 
applicable as those on other factors of wall behavior. 

The practical man, in a hurry, accepts the information of Table 1, 
where the modulus of rupture is given without comment—or the 
conclusion No. 8 in chapter 15 where the range is reported—or, worse 
yet, he may get the impression from chapter 13 that concrete masonry 
walls, subject to lateral stresses, are not particularly safe, having “a 
very low factor of safety.” 

While this is not the intention of the paper, it may be the result. 
In other respects the paper is an excellent report on what may be 
expected of concrete masonry walls in actual performance. 

F. O. Anderegg*: In the last part of this paper Professor Richart 
has something to say about the flexural strength of the joints. Of 
course the weak point in the wall is the union between the mortar 
and the masonry unit.! It is interesting to note that his reeommenda- 
tion of a minimum of 30 p.s.i. modulus of rupture is identical with one 
already published.2 I should like to ask, in addition, that Professor 
Richart give the following facts about the lime used in order to correlate 
them with other data: first, whether high calcium or high magnesium; 
second, whether dry hydrate or putty; third, the water requirement 
to make up the putty if it were used; fourth, the yield of putty in cu. 
ft. i.e. per hundred pounds of quick lime. 

R. L. Bertint: 1 think the paper refers to “the thin wall shell’’ 
—the thin shell for these units, and in view of the progress being 
made in the use of units with thin shells, I would appreciate further 
comment on the results as compared with thicker shells. 


AUTHOR’S CLOSURE 


F. E. Richart (by letter).— Replying to Mr. Christensen, it 
was fully recognized that the conditions of our flexure test did 
not represent building conditions. That is why the several fa- 
vorable elements in actual construction were enumerated. The 
effect of these elements is so varied that it would be impossible to 
reproduce them in their different combinations in a test program. 
Instead, it was thought much more useful to determine by test the 
modulus of rupture of the wall, a physical constant which would be of 
fundamental importance to a structural designer. Such values have 
also been determined by tests on brick masonry walls. With this 
information to start with, the designer can estimate the vertical load 


*Consulting Specialist on Building Materials. Pittsburgh. 

1F. O. Anderegg. J. Am. Cer. Soc., May. 1930; Architectural Record, Sept., 1931. 
2F. O. Anderegg, Rock Products, Dec. 5, 1932. 

tChief Engineer, White Construction Co., Inc., New York, N. Y 
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and the conditions of continuity for any particular case. The pro- 
cedure is paralleled in many phases of reinforced concrete design. A 
“rule of thumb” method for the design of walls under widely varying 
conditions must be of rather doubtful accuracy. 

While I am glad Mr. Christensen called attention to this subject of 
flexural strength, I do not agree with him that structural designers will 
be misled by the conclusions stated. A responsible designer must 
have more than the superficial knowledge obtained by reading head- 
lines and conclusions. 

Concerning Mr. Bertin’s request, I have no information to add 
regarding the strength of Haydite tile units. The advantages of 
lightness in handling and shipping are obvious. We had no trouble 
from breakage of these units in handling. I understand that tile 
units made with Haydite concrete are being given a rating as fire 
retardants, though somewhat lower than that for the ordinary block 
units. 

The lime used in the mortar of all walls was a high magnesium 
hydrated lime. The batch weights used in the 1:1:44% mortar were: 
cement, 94 lb., dry hydrated lime, 40 lb., sand, 477 lb., and water, about 
97 lb. The average weight per cu. ft. of this mortar as freshly mixed 
was 133 lb. 

As Dr. Anderegg suggests, the bond between mortar and units is an 
element of weakness in masonry walls, and it will doubtless be given 
deserved attention in the various tests of masonry mortars that are 
being initiated. 














Discussion of a Paper by L. J. Mensch: 


‘‘DEFLECTIONS AND VIBRATIONS IN H1GH BUILDINGS” 


David Cushman Coyle*—It seems questionable to the writer whether 
an analytical treatment of any ordinary building will give any reliable 
information as to its vibration. In the example given the author 
guesses at two values of Z, which give the time of vibration as 4.52 
and 3.24 seconds respectively. Either of these values, if it were found 
in a New York tower of steel and brick with the dimensions given, 
would indicate unusually poor construction. The writer’s experience 
indicates that it is more accurate to guess the period from its dimensions 
and a knowledge of what engineer designed it than it is to compute 
the period from characteristics which cannot be known. Aside from 
unknowns such as E, there is the fact that unless the building is 
designed by Spurr’s theory the vertical distortion of the floor will in 
general be very severe, and will vitiate the ordinary elastic theory 
completely. It would seem rather improbable, therefore, that this 
theory would actually predict the period of existing buildings with 
uniform success. In any case, the use of three decimal places in the 
results is out of all proportion to the probable accuracy, and is likely 
to create a false impression. 

The author’s treatment of gusts seems to the writer to lack realism. 
The gusts in a city are small in area compared to the area of the build- 
ing, and their effect has no recognizable relation to the variability 
shown at the anemometer. The relation between period, amplitude 
and sensation is not known, but the writer has observed amplitudes 
exceeding 1% in. which because of the accompanying period were 
imperceptible to the senses. On the other hand, all the towers known 
to the writer which have amplitudes of 4 in. or less in a strong north- 
west wind are very stiff, and their motion is seldom if ever perceptible. 
Those towers which are often disturbing are apt to have a period of 
about 4.5 sec., and amplitudes of about in. 

AUTHOR’S CLOSURE 

L. J. Mensch—Mr. Coyle questions the reliability of the analysis 
with respect to vibrations. However, the tests by Dr. M. Abe on 
reinforced concrete frames are in substantial agreement with the treat- 


*Consulting Engineer, New York, N Y. 
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ment shown. If Mr. Coyle found the periods given in the example too 
large and not in agreement with his investigations on actual buildings 
he should have ascribed the difference to the greater stiffness shown in 
a building as a whole over the stiffness of the windbracing only. Evi- 
dently for winds of 30 to 50 miles per hour, the windstresses in the 
windbracing bents are greatly reduced by the aid of brickwalls and 
partitions. The greater the force of the wind the smaller this aid will 
be, unless reinforced concrete walls and partitions are used. The 
writer showed in a discussion of the report of the sub-committee of 
the American Society of Civil Engineerst that the moments of inertia of 
the windbracing system should be computed by including all outside 
columns of a building, whether they belong to the windbracing systems or 
not; this, of course, makes the J very much larger and greatly decreases 
the periods and amplitudes of vibrations. 

The writer divided the wind effect into two actions: viz., cantilever 
bending which distorts the floors and shear actions which cause a 
parallel movement of the floors; it is true he did not elaborate on the 
distortions occurring in tower buildings due to dead loads nor on other 
fine points to be observed in large and high buildings. 

Mr. Coyle is quite correct in stating that the relation between 
frequency, amplitude and sensation is not known. It was formerly 
believed that sensation isa function of the maximum acceleration pro- 
duced in the vibrations of a building, which acceleration is propor- 
tional to the product of amplitude and square of frequency. Lately 
tests have been made which seem to show that the sensation is pro- 
portional rather to the product of amplitude and frequency only. 

Following are corrections of typographical errors in the author’s 
paper: In formulas 25, 26 and 53, the factor 1 was omitted in the 
denominator. In equation 37, change 12 to 2 in denominator. On 
page 401 in 10th line below top in equation for G,, change ‘‘12 x 3”’ to 
12.3” in denominator. 


tProceedings Am. Soc. Civil Engineers, May, 1932. 











Discussion of a Paper by S. C. Hollister: 


‘Tests OF CONCRETE FROM A TRANSIT MIxER’’* 


Cloyd M. Chapmant: Professor Hollister’s paper treats a subject 
of wide interest and large importance to the concrete industry in 
general and to the younger ready-mixed concrete industry in partic- 
ular. Perhaps most of all it is interesting and important to those 
who are trying to sell concrete on the slogan ‘‘Concrete for Per- 
manence.’”’ Permanent concrete must be good concrete. But the 
term “good” denotes relative and not absolute quality. A concrete 
may be very good and permanent in one service, and be short lived 
in another service. Yet the ready-mixed concrete plant may be 
supplying both types simultaneously—in fact, of two consecutive 
loads going to different jobs or to the same job for different pur- 
poses, one may be designed for maximum density and the other for 
minimum density or low unit weight. 

Many of the worries that beset the concrete industry and much 
reported lack of permanence are traceable, along one route or another, 
to lack of density. When permanence under severest conditions of 
service is sought, we need concern ourselves but little if we use concrete 
of maximum density. 

Having density, all the other good qualities of concrete seem to 
gather around where density is. In fact it is almost safe to generalize 
by saying if concrete is dense it is good; if it is very dense it is very 
good. About the only safeguarding clause that needs to be tacked 
on to such a generalization is ‘‘assuming good materials.” 

There are exceptions—if the concrete is for fill between floor sleepers, 
or for sound-deadening, or for some types of fire protection, or for 
space filling, then density is not the all-desirable quality. 

Let us assume, for the sake of this discussion, that we are interested 
in dense concrete, and let us, therefore, confine our attention to those 
concretes in which density is practically synonymous with high quality, 
in which density and strength go together. Density and impermea- 
bility, density and resistance to sea water, density and resistance to 
alkali or sulphate waters, density and weather resistance, are all so 





*A.C I. Journ AL, Feb. 1932; Proceedings Vol. 28. p. 405. 
tConsulting Engineer, New York N. Y. 
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closely allied and so akin to each other, that if we insure density in 
concrete we have placed a sort of blanket insurance on these other 
desired qualities. 

Since density is mass per unit volume, any change in a concrete 
which places more material in a unit volume increases density, and 
any change in concrete which replaces a lighter constituent with a 
heavier constituent increases density. 


Concrete is often described as an intimate mixture of four ingred- 
ients, cement, fine aggregate, coarse aggregate and water. But there 
is a fifth ingredient, which, although universally present, is seldom 
mentioned in the reports. It is concrete’s lightest constituent and, 
therefore, the greatest foe of density. Some of it we deliberately add 
to the concrete in the process of mixing. Some of it we invite in later, 
as the concrete hardens and dries out, to take the place of the excess 
water used in mixing. But however and whenever this fifth ingredient, 
which is air, is put in or gets into concrete, it does more harm than 
many concrete makers are willing to admit. Every cubic inch of air 
left in concrete when placed means a cubic inch of voids, a cubic inch 
of space for percolating waters, a cubic inch having zero strength, 
and a cubic inch of channels through which water can flow, and in 
flowing carry with it in solution essential constituents of the concrete. 


The modern concrete mixer is designed for maximum intimate 
mixing in minimum time. It is a violent, turbulent process. There is 
no quiet sector in the mixing cycle in which the air which entered 
with the cement, with the sand and to some extent in the pores of 
the coarse aggregate can readily get to the surface and escape. Such 
concrete is mixed but is not conditioned. 


A cubic foot or a bag of cement contains only 94 Ibs. of cement, 
although if it were without voids it would contain about twice as 
much. In other words, with every cubic foot of cement we dump 
into a mixer we put in along with it, in its voids, half a cubie foot of 
air. 

A fine aggregate having a specific gravity of 2.65 and weighing 
100 Ibs. per cu. ft. in a dry rodded condition, contains and carries into 
the mixer entrained with it about one third its volume of air. Thus 
there is introduced into the mixer with a six bag batch of 1:2:4 con- 
crete, about seven cubic feet of entrained air in the voids of the cement 
and fine aggregate alone. 

As the water is added it displaces part of this air and the cement- 
water paste fills part of the voids in the aggregates, but there still 
remains a large quantity of entrained air. It is undoubtedly true 
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that some of this entrained air is released and escapes from the mass 
in the mixer in spite of the violent churning action. But one can not 
watch the action of a concrete mixer and be impressed with its deaerat- 
ing abilities. The modern mixer ought to beat into a froth almost any 
fluid or semi-fluid material placed in it. 


Such violent action is probably necessary for proper, thorough 
mixing of the materials in a very short time, but some opportunity for 
the air bubbles to escape from concrete so turbulently treated is 
obviously desirable. To place such concrete directly in its final 
resting place, without opportunity to get rid of entrained air, is 
obviously not the best conceivable practice. Concrete requires con- 
ditioning as well as mixing. 

When concrete is mixed on the job and conveyed from the mixer 
by buggies, there is small opportunity for air bubbles to escape from 
the mass in the buggy, although some of the larger bubbles undoubted- 
ly do escape. When chutes are used there is probably opportunity 
for air to escape as the concrete flows down the troughs, but there is 
also entrainment of more air at every chute end and hopper. 


In ready-mixed concrete there is an opportunity for introducing a 
settling or deaerating period in which, with favorable conditions, the 
air bubbles in the concrete may escape from the mass. The haul 
from the central mixing plant provides time, place and opportunity 
for proper conditioning. 

Two operations, well recognized but often neglected, yielding big 
returns in improved quality, are long and thorough mixing and con- 
ditioning and the other is deaeration. Both of these may be per- 
formed in transit with suitable equipment. 


I have recently had occasion to consider equipment for hauling 
ready-mixed concrete which appears to perform these functions while 
in transit, namely, thorough mixing and conditioning and deaeration. 
This equipment consists of a simple cylindrical container equipped 
with narrow spiral internal blades, designed to guide the direction of 
flow of the mass of concrete within the cylinder as it slowly revolves 
while in transit from the mixing plant to the job. 

The motion of the plastic mass of concrete, mixed in a central plant 
previous to being placed in the cylinder, is so quiet and free from 
turbulence that as all parts of the mass are brought to the surface the 
entrained air has opportunity to escape. The non-turbulent mixing 
or kneading action of such a conveyor as compared with that of the 
mixing conveyors, as typified by the one investigated by Professor 
Hollister, is marked. 
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One receives a mixed product and not only keeps it mixed and pre- 
vents segregation, but continues a slow mixing action and increases the 
uniformity and intimacy of the mix. The other receives a dry, un- 
mixed batch of materials and must accomplish all the mixing while in 
transit. This difference in basic principles of operation can hardly be 
expected to produce similar results. 


I have examined some of the data obtained with the Clinton con- 
veyor, both of the smooth drum type, such as Professor Slater reported 
on in his paper last June before the A. S. T. M.,! and the later type 
having internal vanes, and was impressed with the uniformity of the 
test results as indicated by the Dunagan method. 


In his paper just presented, Professor Hollister states that the 
second purpose of his tests was to determine the relation of the time 
of mix to the degree of uniformity of the concrete produced. The 
only data presented are those charted in Fig. 6, and the only discussion 
of this major purpose of the investigation is in the twelve lines immed- 
iately preceding his conclusions. 

Fig. 6 is stated to represent “‘typical’’ results, but how widely other 
series of analyses of the wet mix differed from these is not indicated. 
Nor is it stated in the paper how the samples for analyses were taken 
or whether they represent in any degree the variations within the 
mixer at any one time. 

These are important considerations to one going carefully into the 
problem of how to mix and convey concrete to the job and deliver it 
in the best condition for use, uniform in quality and thoroughly 
mixed. Professor Hollister has given data and drawn the conclusion 
therefrom that, with a certain type of transit mixer, concrete may be 
mixed from 40 revolutions to 14% hours without apparent affect upon 
the thoroughness of the mix or the strength of the resulting concrete. 

Professor Slater, in the paper cited above, gave very comprehensive 
data showing very considerable increases in strength with long agita- 
tion and conditioning in the other type of conveyor. He makes the 
following statement: 

The average increase in strength from the time of placing the concrete in the 
conveyor until the end of the 24 hours period was nearly 100 per cent for the one 
day tests; 90 per cent for the two day tests, and about 80 per cent for the four day 
tests. For the 7, 14 and 28 day tests the increase in strength was nearly the same 
amount (700 to 800 p. s.i.) as for the four-day tests. 

These very wide differences between the results obtained with two 
different types of concrete conveyors are indicative of the fundamental 


1 “Tests of Concrete Conveyed from a Central Mixing Plant,”’ W. A. Slater, A. S. T. M. Vol. 31, 
part 2, p. 510. 
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differences between the operations performed on the concrete by the 
two types of apparatus. 


A. A. Levison:* The equipment on which Professor Hollister 
reported, and of which there are several other popular makes, is suscep- 
tible of three different and distinct uses. One is that reported by 
Professor Hollister, as a mixer; a second is for agitating concrete. 
The same unit that mixes the concrete is also used for agitating con- 
crete placed in it from a concrete mixer and in conveying the concrete 
to the job, preventing segregation. 

The third use of this same equipment is in continuing the mixing 
enroute when the concrete has had short mixing at the central plant, 
approximately 45 seconds. 

Mr. Chapman explained what can be done with the concrete in a 
particular type of agitator body; the same thing is also possible with 
that type of truck body capable of mixing the concrete. 

An important factor is speed of drum rotation, whether in mixing 
or agitating. Ordinarily drum speeds range from 5 to 10 revolutions 
per minute. For mixing concrete on short hauls. the speed will be set 
at the maximum so that the 40, 50 or 60 revolutions required will be 
accomplished on arrival at the job. 

Where hauls are longer, the initial mixing can be accomplished at 
the higher speed of drum rotation and then after say 50 revolutions of 
the drum, the truck operator can reduce the speed of drum rotation 
to five revolutions per minute and continue agitating the mixed con- 
crete enroute to the job. 

In other words, this matter of drum speed is under control of the 
truck operator for mixing or agitating, or both, as the case may be. 

One other factor appeals to me: that transit mixers are a type of 
equipment different from stationary mixers. Originally it was thought 
necessary to design transit mixers to follow the established lines of 
long experience and practice in the design of stationary mixers. 
Further experience has shown that this is not necessary. The transit 
mixer is a different type of equipment; the drum has different dimen- 
sions; it has a different blade arrangement in the interior of the drum; 
the methods of charging and discharging are altogether different. So 
we have a new development of equipment in the transit mixer and 
an appreciable amount of concrete is being placed from truck mixers 
or agitators in cities both large and small. 

I believe that one should not look for enormous increases in strength 
as the time of agitating or mixing proceeds, but I would look for normal 
increases in strength. 
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Let us get this point clearly: if, as Professor Hollister says, 40 revolu- 
tions of the drum are required for mixing and then we continue to 
mix or agitate beyond those forty revolutions for an indefinite period, as 
long as the concrete remains workable after the mixing is completed, we 
are in the same position as if the concrete had been mixed in a 
mixer and then mixed further in the same drum; from then on we 
are agitating and are not mixing. 

I have here the report of a test conducted on type of body similar 
to that reported by Professor Hollister in which the concrete was 
carried for nine hours continuously; the test results read as follows: 
“after 20 minutes of agitation (this is concrete discharged from a mixer 
into this truck body) there was an increase of three per cent in the 
strength of the concrete; after 40 minutes, five per cent; after one 
hour, seven per cent; after two hours, ten per cent; after three hours, 
twelve per cent increase from the original strength when it was loaded 
into the body. That remained stationary up to a period of seven hours, 
and from then on up to nine hours there was a slight retrogression of 
strength, but at the expiration of the nine hour period, the concrete 
showed a strength of ten per cent above the strength of the concrete 
as it was placed in the truck. The slump, however, showed a different 
result. The concrete had a six inch slump at the beginning as it was 
discharged from the mixer. At the expiration of an hour, this slump 
rose to seven inches. From then on there was a gradual diminution 
until, at the expiration of nine hours of hauling, the slump was zero. 

We really have a new concept of methods and equipment for mixing 
and delivering concrete, and we shall have to rearrange our notions 
and bases of judgment due to this new method of mixing, agitating 
and delivering concrete. 


A Member: What temperature was that at nine hours? 
Mr. Levison: Between forty and fifty degrees, outdoors. 


Lion Gardiner*: I happen to have had opportunity to study care- 
fully some 200 pages of Professor Hollister’s report, which naturally 
he had to condense considerably for this meeting, and as I recall some 
of his charts not shown in this paper, there is not the divergence in 
results between his final conclusions and those of Professor Slater, 
as pointed out by Mr. Chapman. 

I happen to know that exactly the same type small concrete mixer 
used by Professor Slater to’mix the concrete for 14% minutes, which was 
then charged into the conveyor and mixed for one hour, was also used 
in a series of tests during Professor Hollister’s study; in other words, 





*Vice-President, The Jaeger Machine Co., Columbus, Ohio. 
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Professor Hollister used a mixer identical with that used by Professor 
Slater and as Professor Hollister has just said, the result of his tests 
showed that the 28 day w/c strength curve of this small mixer, mixing 
for one minute, was approximately equivalent to the 7-day strength 
curve of the truck mixer, and the difference between the 7- and 28-day 
w/c curves of the truck mixer as will be noted from the charts shown, 
raries between 800 and 900 pounds; therefore, in 40 to 60 revolutions 
of the truck mixer, that increase of strength was obtained in the four 
to six minutes of operation which was obtained through agitating and 
mixing for one hour in the conveyor. 

The w/e curve for the small mixer as developed through Professor 
Hollister’s tests, was based upon but 108 cylinders and no doubt he 
hesitated to place emphasis upon this variation because the tests were 
not as extensive as were the tests made to develop the truck mixer 
curves which embodied more than 600 cylinders. Nevertheless the 
findings in the Hollister test upon the same w/c ratio as used by Profes- 
sor Slater indicates clearly that cylinder strengths from the small 
mixer were approximately the same, but that the 800 lbs. added strength 
accomplished through one hour in the agitator was obtained in 4 to 6 
minutes mixing in the truck mixer. 


Russell S. Greenman*: I have had some practical experience with 
one of those conveyors in the last year and a half, and I noticed some 
things not yet touched on here this afternoon. Mr. Chapman spoke 
of the increased density in the mix as delivered. The results have 
indicated that in the period of transit there was some stiffening of the 
mix. My theory has been that in the mixing there has been a release 
of some of the air that was in the mix at the beginning. Now, to take 
care of that stiffening, as Professor Hollister said, water may be added 
to bring the mix back to the previous consistency. That would indi- 
‘ate, to my mind, that some air had been taken out of the concrete 
mix. There are two ways of determining what that amount is—one 
to determine the yield at the beginning and afterwards. I have 
noticed a difference in yield. Why not also weigh the specimens before 
and after, if you please? If, as Mr. Chapman says, there is seven 
per cent air in the concrete, it is certainly measurable. Then you 
can take a six by twelve cylinder and you can get the difference in 
weight before and after. I am not attempting to explain the difference 
between the two types of mixers, because while I am interested in the 
use of one, I am not concerned particularly about the other except 
for general knowledge on the subject. I believe we can study further 
this matter of just what takes place in various types of transport- 





*Consulting Engineer, Albany, N. Y. 








688 JOURNAL OF THE AMERICAN ConcRETE INSTITUTE—Proceedings 


ation; first, note yields and then note the weights of the concrete 
produced. 


Inge Lyse*: In this discussion much attention has been given to 
the results obtained by the late Professor Slater in his tests of the 
Clinton conveyor. Fig. 1. shows the analysis of the constituents 
of the concrete in the Lehigh University tests. The results are very 
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Fic. 1—AVERAGE COMPOSITION OF CONCRETE FOR SERIES A, B, C, AND D 


similar to those presented by Professor Hollister in Fig. 6 of his paper. 
It is noted that the apparent cement content increased very regularly 
with the increase of time in the conveyor in both of these investigations. 
Professor Hollister has applied a correction to the increase in the 
apparent cement content. I should like to know if he was able some- 
how to measure this correction or if it was due to a more or less 
theoretical deduction. 


Fig. 2 shows the summarized results of the strength tests. As 
pointed out by Mr. Chapman, these results show a uniform increase 
in strength of the concrete with the increase in length of time in the 
conveyor. This is quite contrary to the results presented by Professor 
Hollister in Fig. 5 which showed practically no increase in strength 
with length of time in the transit mixer. 





*Research Assistant Professor of Engineering Materials, Fritz Engineering Laborator 
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Fic. 2—SLUMP AND COMPRESSIVE STRENGTH, AVERAGES FOR SERIES A 
TO D 


The Clinton conveyor had eight revolutions per minute during the 
testing period and the concrete was mixed 14% minutes before it 
was placed in the conveyor. 

AUTHOR'S CLOSURE 


S. C. Hollister—The discussion has been very helpful in developing 
some of the more important findings of the writer’s studies of transit 
mixer performance. Gratitude is expressed for the assistance of the 
several contributors. 

Professor Lyse and Mr. Chapman raise a question concerning the 
difference in results of these tests when compared with the tests of a 
smooth, cylindrical conveyor by the late Professor Slater’. In those 
tests Professor Slater studied concrete agitated various periods after 
having first been mixed 14% minutes in a small stationary mixer. As 
shown by Professor Lyse, (Fig. 2) the effect upon the strength due to 
the agitation is gradually to increase it. A maximum was reached 
after 128 minutes, after which a recession is noted. In the writer’s 
tests the concrete was not first mixed in a stationary mixer, but was 
mixed entirely in the transit mixer, which is a cylinder with a narrow 


‘Proc., A. S. T. M., Pt. II, 1931 
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blade attached spiral-wise to the inside of the drum. As shown by 
Fig. 5° no increase in the strength was noted after 40 revolutions of the 
drum (4 to 5 minutes required) even up to 90 minutes. The question 
raised is, ‘Why do not these tests show an increase in strength due to 
further mixing, like Professor Slater’s increase in strength with further 
agitation?” 


Slater’s mixtures contained 7 gal. of water per sack of cement.® 
From the writer’s Fig. 1‘, such a mixture should produce a strength 
of 3850 p.s.i., after 40 or more revolutions in the transit mixer. Pro- 
fessor Slater, however, found a strength after 1144 minutes of mixing 
in the stationary mixer, of only 3250 p.s.i.; and not until the batch 
has been ‘‘conveyed”’ for 100 minutes, or 1 hour 40 minutes, did its 
strength reach 3850 p.s.i., this “conveying”’ time being in addition to 
the original 1144 minutes mixing. 


The conveyor tested by Professor Slater was not a mixer, but simply 
a device to maintain the state of the concrete in a condition at least 
as good as that when it was discharged from the stationary mixer. 
But it did better than that. Since it had no blades, and turned 
relatively slowly, (8 r.p.m.) it rolled and kneaded the mass of concrete 
without an aerating action. Apparently, then, this action could impart 
some strength to the concrete additional to that imparted by the 
stationary mixer in 144 minutes; hence this gradual mixing within the 
mass was an improvement in conditioning the concrete. 


Suppose, now, there is added to the cylinder such blades as will 
promote a more rapid, or more general, mixing within the mass, 
without any dashing or aerating of the batch. Should not this design 
of mixer increase the advantages of mass mixing and more rapidly, 
therefore, achieve the optimum mixture? It is the writer’s opinion 
that this explains the higher strength at the outset than Professor 
Slater obtained, and why Slater’s tests showed so long a period of 
“conveying” before the strengths reached those of the writer’s at 
40 revolutions, or more, of the transit mixer. 


In relation to the comparative strength figures of Professor Slater 
and the writer, it should be noted that Professor Slater’s curves are 
the result of averaging four runs; that the writer’s curve of Fig. 5° is 
also the average of four runs; and that the curves of Fig. 1 are the 
average of 16 runs. Curve A of Fig. 1 is Mr. Abrams’ most recent 
curve,® the equation for which is 14000/4.9; and is not his first curve 


2A. C. 1. Journat, Feb. 1932; —_—, Vol. 28, p. 415. 
8Proc. A. 8. T. M., Pt. II, 1931, p. 514 

4A, C. 1. Journat, Feb. 1932; hb Vol. 28, p. 411. 
5A. C. I. Journat, June, 1931; Proceedings, Vol. 27, p. 1330. 
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of 1918. At 7 gal. per sack, Slater agrees with the Abrams curve, 
before the ‘“‘conveying”’ is begun. 

A few tests by the writer, using materials similar to those of the 
transit mixer tests, and mixed in a small stationary mixer for 1 minute, 
showed 28-day strengths comparable to the 7-day strengths of the 
transit mixer (Fig. 1). 

Mr. Chapman discusses the effect of aeration, due to the currently 
violent, turbulent process of mixing. The writer heartily agrees that 
there is too much of this action in many mixer performances; but he 
also desires to call Mr. Chapman’s attention to the fact that this 
undesirable action is conspicuously absent in the mixer under test, 
as it is also in the type of conveyor tested by Professor Slater. This 
mass-mixing action aids materially in “densifying,” or in obtaining a 
uniform dispersion of the ingredients,—all of which, as Mr. Chapman 
rightly advocates, is worthy of further development, to the betterment 
of the concrete produced. 


It is of especial interest to note that the style of equipment which 
Mr. Chapman considers is capable of performing the mixing function 
most satisfactorily, while in transit, is ‘‘a simple cylindrical container 
equipped with narrow spiral internal blades, designed to guide the 
direction of flow of the mass of concrete within the cylinder as it slowly 
revolves.”’ The mixer under test by the writer was similarly described 
by the writer in his paper. It is gratifying that Mr. Chapman’s 
observations confirm the writer’s on equipment functioning in this 
manner. 


Professor Lyse has inquired concerning the manner of correcting the 
actual weights of fines passing the 100-mesh sieve to obtain the likely 
cement content. There was, on wash analysis, found to be a small 
amount of such fines in the fine and coarse aggregates, before batching. 
This amount was computed for each batch as a correction to the wash 
analyses. A comparative study was also made of the various batches 
to determine the rate at which the fines appeared to increase as mixing 
was continued. From this rate a correction was applied to the indi- 
vidual weights to obtain the likely cement content. While such a 
procedure is not absolutely accurate, it was a great improvement over 
the data in the uncorrected state, in representing the likely cement 
content. 


Mr. Chapman seems fearful that there is a large amount of entrained 
air in the concrete tested by the writer. During the course of the tests 
several hundred wash analyses were made. As explained in the paper, 
the fresh concrete sample is weighed in air and in water. Upon immer- 
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sion, any large amount of entrained air would have been noted. It is 
the writer’s opinion that the amount of such air was of inappreciable 
volume. 

Mr. Chapman is quite right in pointing out the de-aerating function 
to be performed by the mixer upon the uncombined mass of ingredients. 
Too little attention, in the writer’s opinion, has been given to 
outlining the necessary functions expected of the mixer and the 
motions which will best produce these results. Certainly there is room 
for improvement over concrete of ordinary manufacture, as evidenced 
by both the writer’s, and Professor Slater’s results of tests upon these 
more recent mixing and conveying units. 











Discussion of a Paper by T. C. Powers: 


“STUDIES OF WORKABILITY OF CONCRETE”’* 


George A. Smitht: I cannot refrain from the trite introductory 
statement, that I have read Mr. Power’s very interesting paper with 
a great deal of pleasure. The data presented give us an inside into 
differences in concrete compositions which, though recognized and 
appreciated in the field have not always been considered, as possibly 
they should have been, in laboratory research. I am very glad that 
these data have been presented and that recognition is made of varia- 
tions in the characteristics of concrete mixtures not evidenced by 
results of the slump or the flow tests. 


Questions of workability and the effects of admixtures on this and 
other properties of concrete have been with me, for a number of 
years, a matter of materialinterest. In this time papers and discussions 
have shown that the penetration test indicated differences between 
concrete mixtures in relative workability, which, though intimately 
related with the slump or the flow, were not distinguished by these 
tests. In the early work with the method by Messrs. Pearson and 
Hitchcock the apparatus used had recognized limitations. Later work, 
using the “Improved Penetration Apparatus,’ has removed, it is 
believed, some of the limitations of the earlier apparatus, giving more 
reliable and consistent results. From data which I will present, and 
which to a considerable extent confirm the author’s work, I propose 
to show that there is a very marked agreement between the indications 
given by both methods of measuring workability. 


That I might better understand the functioning of the new apparatus 
and to discuss the paper, a number of tests were made using an ap- 
paratus in many respects similar to that used in Mr. Power’s studies. 
The outer cylinder had a 12-in, and the inner wall approximately an 
814-in. inside diameter. The outer wall was reinforced by a 34-in. bead 
around the top and the lower edge was set and soldered in a groove in 
a 4-in. brass plate. The base was clamped to the top of the jolting 
table, used in the penetration tests, by a special strap and thumb- 


*A_C. 1. Journan, Feb. 1932; Proceedings Vol. 28, p. 419 
tConcrete Research Engineer, Johns-Manville Sales Corp., New York, N. Y. 
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screws which permitted no vibration between the apparatus and the 
support and no vibration as is observed in the top of the flow-table. 
The opening between the base plate and the inner cylinder was 234-in. 
In remolding the concrete 4-in. drops were used and a test was con- 
cluded when a steel plate, attached to a %-in. rod had settled to 
within three inches of the base plate. At this point it should be indi- 
cated that the concrete had assumed a uniform depth over the base. 
Other details, being purely structural and having no bearing on the 
tests, are not described. 

Tests were made of four different mixes each at four different flows, 
using Celite as an admixture in each of the mixes at a flow of 90 and 
using two proportions of each of five other admixtures in one mix at a 
flow of 90. All mixtures were proportioned on a dry-rodded-volume 
basis. The 1:2:4 mix requiring about 5.1 sacks of cement per cubic 
yard was taken as the basic mix with a cement content of 100 per 
cent. The other mixes had cement contents of 80, 120 and 133 per 
cent of that of the basic mix and correspond to 1:24%:5, 1:124:31% and 
1:14:3 mixes respectively. In the discussion and figures they will 
be referred to by their relative cement content compared with the 
basic mix. The coarse aggregate consisted of washed, air-dry, No. 4 
to 34-in. siliceous gravel and the fine aggregate was washed, air-dry, 
siliceous sand having a fineness modulus of 2.90. Both fine and coarse 
materials were separated into three sizes and later combined when 
preparing individual batches designed to give about .22 cu. ft. of 
concrete. The several admixtures used represented various classes 
of materials advocated for use in concrete for enhancing the worka- 
bility. They are Celite (diatomaceous silica), hydrated lime, pumicite, 
tale, crypto-crystalline silica and a mixture of powdered quartz and 
bentonite. Each material was used in two proportions expressed as 
additions of pounds per sack of cement and excepting Celite will be 
referred to by letter. In the case of each material sufficient additional 
water was used to result in an average flow of approximately 90. 

Each batch of materials was thoroughly mixed dry and then hand 
mixed in tight pans for two minutes after adding the gaging water. 
One flow determination was made as soon after the completion of the 
mixing as was feasible (about 45 seconds). Flow in this discussion 
is the percentage increase in diameter of the standard samples brought 
about by fifteen 14-inch drops. This was followed by a slump test and 
two remolding tests. Before placing the concrete in the slump mold 
for either of the “‘remolding tests’? the concrete was mixed up and 


then, rather than use the usual rodding procedure, the concrete was 
stirred in in three layers, using both a horizontal and a small up and 
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Fic. 1—RELATION BETWEEN FLOW AND QUANTITIES OF WATER AND 
CEMENT 


down movement of the rod. This was done to avoid driving so many 
of the large particles to the bottom. After removing the slump mold 
the jolting was carried out at the rate of about one hundred -in. 
jolts per minute. Three companion batches (six tests) were tested for 
ach condition. 


The data obtained in these tests have been plotted. Fig. 1 is a 
matter of record of the degree of control in the tests. Here are shown 
the relations existing between cement content, water and flow. For 
the purpose of comparison, it should be noted that the basic mix was 
1765, 3892 and 7934 grams for the cement, sand and gravel. With the 
sand and gravel weights constant the other cement proportions are 
readily computed. Fig. 1-A shows that when using fifteen <-in. 
drops the flow for all mixes up to a flow of 120 is for most purposes 
practically a straight line function of the quantity of water used. 
Fig. 1-B, plotted from Fig. 1-A, shows that for a given flow the 
quantity of water necessary is a straight line function of the quantity 
of cement used except for a small but consistent divergence in the case 
of the 133 per cent cement content. Between the 80 and the 120 per 
cent cement mixes the water factor for a given flow is from 11.2 to 
11.9 per cent of the weight of the cement. 


Fig. 2, 3, 4 and 6 show in part A, data obtained in these tests, and 
in part B, data obtained with the Improved Penetration Apparatus. 
Fig. 2-A shows the relation between the flow and the number of jolts 
required to remold the concrete for the four mixes. Fig. 3-A, is plotted 
from 2-A by plotting the intersections of the curves with lines of 
equal flow, and shows the effect of increasing the cement content, 
flow being constant. Fig. 4-A shows the number of jolts required for 
the several mixes at a flow of 90 when no admixture was used and 
when a constant quantity of Celite (56 grams) was added. This 
quantity in the basic (100 per cent cement content) mix was three 








696 


JOURNAL OF THE AMERICAN ConcrETE INsTITUTE—Proceedings 











































































| 
Ce ee oe ae Soe | + + 4 coy $——$__1 1 i 
Femolding Jest ’ Fenetration Test 
Sat EBS St (ST bea ‘ 4 4 x "7 iil clad peat ini a 
Oy) J T 
s N {ests wis The 
$ 200, N 40) ee Sy 
a | ~S 
> » 
N . oe 
g 8 
z 100;— = 200} 
3 & 
= = 
a) . 
40 50 80 /00 /20 60 80 100 /20 
Flow ~Percent 
8 mo) Se Ore. Lees eet _| 
\Femolding Jes? Penetration Jest 
OD Bermsesc lect 4 . ‘ 4 
\ | A \ 
oa % 
20 tae +44 8 40K NY SS | 
S oe 
> SINT a5] + 
. eZ vl 
> 00 9. <2 
~ te ‘g a 
§ Mies. 
= — yt + + + 
“4 % A 
N A 
80 /00 /2O /40 80 /00 420 /40 
Frelotive Cement Content —Fercent 
— 1 — 
Fremolding Tests Penetration Jests | 
150 =_ ee ae 600, 4 . . 7 ; 
Data from 
yy) de © Jests 32.63 1 
2 ml N a Series /0/ 
> 000, Boe te: & 
S He ‘Ste | 
\ \Ce et SD | 
§ so), Concrere 7 | 
g , 
> % 
‘\ A | 
ee eS ee = 
8O /00 120 /40 80 /00 40 


Fig. 2—EFFECT OF FLOW OF DIFFERENT MIXES ON WORKABILITY 


Fia. 3 


Fic. 4—EFFECT OF CELITE AND ADDITIONAL CEMENT ON WORKABILITY 


EFFECT OF CEMENT CONTENT AT DEFINITE FLOWS ON 


Relative Ceinent Content 


-Fercenr 


WORKABILITY 














Kia. 5- 


Kia. 6 


Felotive We 


Studies of Workability of Concrete 


125 — 





Mix /-2-4 


8 





Number of JolP3 











75 
ee | = 
JOL— 
I /0 IS 20 25 30 
Quontily of Admixture ~ Lbs. per Sack of Cement 





] 
| Fernolding Jests Feretration Jests 
PR ate lite at ji 
| 
} 
| 





Chol: / 








a 
/ 
*. 
“ 


Loh 


-2C s) +20 *33 20 +20 +33 





Quontity of Admixture —Per: ent by Weigh? 





of So/rs 


Niymber 

















PA. 2ipes of Copstont Woter A 
42 , +. def f f f + + ; ‘ w 
9 x 4 gor 
< a. —+— i , a» 
g 4 
10} 4» “pt 5 a 
N , oe s 4 « 
g wih 89 = | - 
\ “alt 6 * a 4 + 
S 1 } + Ye 204 4 
, 6 —— aS Ne 7 - 
: 8 Loe ‘ee ai 
) ~ *. 33 4 r 
N } i A} } = 
6 100 % Cement /-2-4 | 
23 25 <7 293 3/ 40 60 6 00 /20 
Paste Content > 


[IxFFECT OF SEVERAL ADMIXTURES ON WORKABILITY 


RELATIVE WORKABILITY OF CONCRETES CONTAINING 
ADMIXTURES 


Fig. 7—RELATION BETWEEN WATER, CEMENT CONTENT, FLOW 


AND WORKABILITY 


697 











698 JOURNAL OF THE AMERICAN CONCRETE INsTITUTE—Proceedings 


pounds per sack of cement. Similarly Fig. 2-B, 3-B and 4-B present 
data obtained by the penetration method. No direct comparision 
should be made as data were obtained under different conditions and 
are here shown solely to indicate trends. The data obtained with the 
various admixtures are presented in Fig. 5. Since the various materials 
were used in amounts expressed as pounds per sack of cement, the 
cement has also been shown as an admixture on the same basis. 
Using the number of jolts required to remold the concrete and the 
workability indices as indications of workability the relative worka- 
bilities of the several mixes and mixes containing Celite and admixture 
A were computed. These are shown in Fig. 6-A and-B. Fig. 7 is 
presented to show the relation between the number of jolts and the 
cement content, the water and the flow where each may be considered 
as a separate variable. 

Workability has been a moot question, especially in recent years, 
and slump tests and flow tests have on several occasions been taken 
as criteria of differences in workability when other than a single mix 
was used. Though the conditions indicated by these tests have their 
part to play in rendering concrete placable under a certain field con- 
dition other properties not evidenced by these tests also have a 
part to play. I concur with Mr. Powers that neither the slump nor 
the flow test supplies reliable means of predicting just how a given 
mixture will behave under field conditions, to the extent that neither 
gives the complete story. However, the flow test should not be criti- 
cised as such. It has distinct merit and its equipment is useful and 
reliable for laboratory use. Its limitations are not so much in faulty 
principle as in the personal and mechanical equation and methods of 
operation. It is my belief that the sooner we divorce ourselves from 
the idea that the slump and the flow are measures of workability, 
realizing that they are measures of flow, and remembering that there 
are other properties not detected by them, which influence workability, 
the earlier will it be possible for some evaluation of the property in 
which we are interested. 


Workability of concrete mixes, other things such as mixing, temper- 
atures, placing requirements, etc., being fixed, can only be a function 
of three variables,—water, cement and aggregate, or, if an admixture 
is used, four. Aggregates, because of their effect on the water-cement 
mixture, due to grading, particle shape and surface characteristics, 
may, under most conditions, be thought of as being negative workability 
agents. Cement and water influence the workability in a positive 
manner: cement, due to inherent characteristics and quantity used, 
and water due to the amount used. Varying these three factors set 
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up conditions which enter to give a condition of workability, namely, 
flow, ease of particle movement within the mass and homogeniety or 
non-segregation. Flow and ease of particle movement may both be 
influenced positively by the quantity of water used. Increasing the 
cement will reduce the flow but may or may not actually reduce the 
resistance to particle movement. Ease of movement is dependent 
upon two conditions. The character of the medium in which the 
particles are suspended and the quantity of that medium available 
for separating the particles and influencing their freedom of movement. 
With sand particles it is the cement and water composition and with 
coarse aggregate it is the mortar matrix, in which movement may be 
increased by the addition of fine aggregate because of greater separa- 
tion in the mortar although the ease of movement of the finer particles 
will be reduced because of the addition. 


In water-cement composition the concentration of the cement and 
changes brought about by the action with the water play an important 
part. The fluidity of the mixture or, if we choose, the flow, is largely 
dependent upon the amount of water used. On the other hand, the 
cohesiveness of the mix is dependent upon the gel formed about the 
cement particles. It is the ability or tendency of the gel coated particles 
to stick to one another that results in this adhesiveness, providing 
too great a dilution with water does not exist. In mixtures of cement, 
water and aggregates, we may think of the continuous phase as being 
the cement-water mixture provided there is a quantity in excess of 
that necessary to fill the voids between the aggregate particles. Any 
quantity of the mixture greater than that required to fill the voids is 
available for separating and bringing about a greater ease of movement 
of particles in the mass. This excess may be thought of as, and 
probably is, a lubricating film surrounding the particles. Since the 
excess may be thought of as distributed over a definite area with a 
given particle combination the thickness of the film will, neglecting 
infinitesimals of higher order, be a function of this area or of the surface 
modulus. Small increases of the excess will have marked effect on 
the separation of particles. For example take one cubic foot of con- 
crete made of a cement and water mixture, and solid fine and coarse 
aggregate in the ratio of one to two; assume 33 per cent voids in aggre- 
gates measured separately and that the excess is effective in the fine 
aggregate only since there is a 50 per cent greater volume of this than 
there would be voids in the coarse aggregate; an increase of .01 in the 
cement water mixture per unit volume will increase the film thickness 
about 18 per cent when the original volume of the mixture is .19 and 
614 per cent when the original volume is .28 of volume of the concrete. 
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Whether an increase in cement-water mixture is accomplished by 
adding cement or water, or both, determines the way increase in film 
thickness will function to permit increased ease of movement. Added 
cement decreases fluidity or flow and may or may not increase the 
ease of movement. If the ratios of cement to water and volume of 
mixture to a unit volume of concrete, are both low, there may be an 
increased ease of movement because of a greater effect due to varying 
the cement-water volume than to the stiffening effect. The reverse 
may be true when the cement-water volume is greater. 


The effect of addition of water, unlike cement, is two-fold. Increas- 
ing the volume of the cement-water mixture gives greater ease of 
movement, increased by changing the fluidity of the mixture. Adding 
both water and cement will have the combined effect of the two. 

Adding sand to a mix is like adding cement to mortar. There is an 
apparent drying-up of the mix evidenced by a lower flow. With 
non-absorbent material the amount of water removed from the original 
mortar is exceedingly small—of the order of a few hundredths of a 
per cent of the weight of the sand added—an amount so small as to 
be of no consequence in reduction of flow. What then causes this 
effect? When added sand decreases the ratio of cement-water mix- 
ture to sand, more of the cement mixture is needed to fill the voids and 
less is available for separating the particles; ease of movement is 
impaired and flow reduced. In a concrete the addition of sand thus 
has two effects. By increasing the volume of mortar, with greater 
separation of the coarse particles, a greater ease of movement may 
result, if not offset by stiffening. 

It will be observed (Fig. 2) that for a given mix, with increasing 
flow, there is a definite increase in workability. The fact that the 
curves line up as they do indicates effects from both the flow and the 
mix. This is also seen in Fig. 3 where the cement content is made the 
variable. Here, however, is combined effect of cement and water. 
For a given mix increasing the water for greater flows not only increased 
the quantity but the fluidity of the cement-water mixture. There 
was a greater range in the number of jolts due to changing the flow 
than to changing the cement content over a considerable range, flow 
being constant. 

An admixture may or may not have an appreciable effect on the 
workability, depending on the characteristics and the amount of 
material used as measured by the remolding test. In Fig. 4, 5 and 
6 are shown the results of tests in which admixtures were used. Mr. 
Powers has indicated that admixtures may not be beneficial in all 
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mixes and possibly only under unusual conditions. In Fig. 4 it shows 
that up to the 1:114:3 mix, Celite gave noticeable increase in work- 
ability. In the lean mix the improvement was 59 per cent and in the 
rich mix 35 per cent. The data shown in Fig. 5 give rise to some ques- 
tion of the efficiency of other admixtures added in quantities recom- 
mended, excepting admixture ‘‘A,’’ usually added in relatively large 
proportions. Fifteen pounds of this material is equal to about twice 
that weight of cement. Other than this, Celite is the only material 
that gave substantial increase in workability. There are only two 
possible explanations: Either the test is not sensitive to differences 
or there was no appreciable improvement from adding materials 
B to E. It must have been accidental that admixtures C and D 
caused a greater remolding effort, for it is improbable that workability 
yas actually decreased, since water was added to maintain constant 
flow. On the basis of least squares the probable error of the average 
of the six tests was from 3.5 to 5.1 jolts. It is probable that the 
remolding effort with these admixtures, was not materially different 
from that for the plain concrete. 


Comparing workability of concretes of different cement contents 
and when Celite and admixture A were added, with the workability 
of the 1:2:4 mix at a flow of 90, it is interesting to note in Fig. 6 that 
the relative workability is approximately in proportion to the amount 
of admixture used. Cement is here considered an admixture. 


It was indicated that the increase in workability shown in Fig. 2, 
was due to the combined effect of additional cement and water. 
Fig. 7 has been arranged to determine the effect of each of these 
variables. Discussing only the upper diagram, the solid lines are the 
workability indications for given mixes in which the water only was 
varied; dotted lines are of constant quantity of water. For a given 
quantity of water, from the 80 per cent mix (1:2144:5) to the basic 
mix, there is consistently an increase in workability, although the 
flow was in every case decreased. Between the basic (100 per cent) 
mix and the 120 per cent mix there was apparently no improvement 
because the stiffening, due to adding cement, offset the increase in 
volume of the cement-water mixture. Beyond this there was a 
decrease in the workability due to adding cement alone and it was 
only by adding extra water to overcome the stiffening effect that an 
improvement was obtained. This is seen at the three points, X, Y and 
Z. The lines connecting the points represent conditions as follows: 

Y-Z additional cement and water constant 


Z-X constant cement and variable water 
X-Y constant water-cement ratio. 
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It is seen that adding cement and water at a constant concentration 
increases the workability not because of the cement but because of 
the increase in water which is more than four times the amount required 
to maintain the same flow. This increase in flow or fluidity may render 
a concrete entirely unsuited for a given placing condition or may 
result in so great a flow that segregation would become objectionable. 
For example with a flow of 40 in a 1:2:4 mix (w/e = .86) and the same 
w/c ratio in a 1:144:3 mix the flow would be about 140. 


Data obtained with the penetration apparatus and shown in several 
of the figures have not been mentioned and are shown solely for com- 
parison. In each instance, the indications or trends shown by the 
data are similar to those obtained in the remolding tests. Though 
data obtained with this apparatus when the several admixtures were 
used have not been shown, their effects were generally of the same 
order as that noted in the remolding tests, though all showed some 
positive effect. 


Mr. Powers has indicated that, although for accuracy considering 
water as the continuous medium, he found it more convenient to 
consider the paste as the continuous phase. This in my opinion, is 
not the way the variables should be handled. The data I have pre- 
sented show that the two variables cement and water each have its 
own influences on workability and that the flow also has a very marked 
effect. Since the flow (used to mean fluidity as measured in the slump 
test or on the flow table) is one of the limiting conditions in the field, 
it beclouds the issue to lose sight of it in comparing mixes. Varying 
the quantity of paste not only changes the mix proportions but the 
flow as well. For given quantities of paste and varying quantities of 
aggregates changes in flow result which influence the workability 
and should be taken into account. It would be more desirable to use 
equal flows in making comparisons. If this were done there would 
then be no necessity to consider flow and remolding effort as separate 
exponents of workability. 


The conclusion has been drawn that when the paste content, paste 
consistency and aggregate gradation are constant the kind of materials 
of which the paste is made is of but secondary importance. Paste 
consistency, I take it, is meant to be the “flow rate’? shown in Mr. 
Powers’ Fig. 1. I should like to ask how single observations of flow 
rate and pressure may be expected to give indications of consistency? 
My understanding is that several (more than one) observations at 
different pressures are necessary to determine the characteristics of a 
given plastic material. 
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I cannot agree that the kind of material is of secondary importance. 
This is not consistent with our knowledge of plastic materials. Why 
pay a premium for high quality finishing lime if the nature of the 
material is relatively unimportant? Why differentiate between 
clays of the same type from different localities in the ceramic industry? 
Why discriminate between brands of cement in the concrete industry? 
Some cements we know are more plastic and give much better work- 
ability than others. I should like to point out one specific instance in 
this regard. Tests were made using the penetration apparatus to 
determine the workability of Incor versus standard portland cement. 
The water cement ratios were 1.015 and 1.012 respectively and the 
flows were 84 and 89 per cent. The average of fifteen tests, three on 
each of five batches, gave workability indices of 165 for Incor and 
274 for standard cement. This would appear to me to be too great 
a difference to be relegated to a place of secondary importance. In 
the work with Celite, why was lime water used instead of distilled 
water? The reason apparently is that the nature of the material is 
such that its characteristics in the lime water of a concrete mix are 
entirely different than when distilled water is used. Gel is produced 
on the surfaces of the particles which makes the mixture plastic and 
conducive to marked improvements in workability. 


In Fig. 5, Mr. Powers shows a curve for cement concrete and three 
curves for synthetic concrete using Celite paste in lieu of cement. 
This is misleading. At a paste volume of 0.25 where the 13.6 per cent 
Celite curve and the 36 per cent cement curve cross, it would appear 
that Celite is four to five times as effective as cement. According to 
Fig. 1 the cement paste had a flow of about 14 ce per second whereas 
the Celite had a flow of only three. Had the cement paste had the 
same flow (3 ce per second) 46 per cent solid cement would have been 
required and there is little doubt but the cement curve would have 
been shifted very materially to the right, requiring a materially greater 
volume of paste for the same workability. 


In Fig. 4-C it would appear than when the sand was 35 per cent by 
weight of the total aggregate there was a decided tendency for the 
remolding effort to increase to the right of a given point for a given 
paste content. I call attention again to my Fig. 7, which shows that 
for a given paste content there was no increase in the number of jolts 
as the watercement ratio increased. The sand in my tests was about 
33 per cent of the weight of the total aggregate and therefore, if any- 
thing, should have given more marked tendencies toward less work- 
able concrete than in Mr. Powers’ curves. Since the data do not show 
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this tendency there is some question of what may be expected under 
similar conditions. 


In my tests observations were made with respect to the function- 
ing of the apparatus. Mr. Powers has indicated that tests and check 
tests usually agree within about ten per cent regardless of time interval 
between the two tests. In the nearly two hundred tests of my study 
the mean average variation from the mean of the six tests for each 
condition was 121% per cent. For the second tests only sixteen were 
less than the first and the average of all second tests was 14.6 per cent 
above the average of the first tests. Since under normal temperature 
conditions concrete mixtures stiffen perceptibly in a few minutes it 
would appear that this may be a reasonable explanation for this con- 
sistent difference. The relatively high mean average variation, and a 
range of the average variations from 6.1 to 17.1 per cent lead me to 
believe that many tests are necessary for a reliable average of a given 
cond tion. 


During the making of a number of tests the concrete that had 
flowed out into the exterior of the apparatus was examined. There 
was more “soup” in this section and more coarse aggregate in the 
center. This was more pronounced in the leaner mixes and in those 
without Celite and at once suggested using a similar means for studying 
segregation. 


Although actual rodding was not used, I am certain that some com- 
pacting of aggregates occurred to aggravate the condition. We are 
not interested in the rodded or compacted condition and it should be 
eliminated. On the job the remolding takes place before and not 
after the rodding or spading. 


I should like to suggest an improved use of a slump cone specimen. 
Because of the erratic functioning of the slump test and a varying 
shape of specimen at the start of the test, and because of possible 
variations due to rodding with longer time of placing, I suggest a 
truly cylindrical mold, a placing without rodding and with a fixed 
number only of %-in. jolts to settle the concrete and insure a definite 
volume. 


My experience with the method of test and trends shown by data 
obtained with the apparatus lead me to the conclusion that the test 
offers promising possibilities. My reaction is that a great deal more 
can be done to advantage in studying its functioning in determining 
workability under varying conditions. In view of the marked parallel- 
ism existing between indications from the remolding apparatus and 
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penetration apparatus, I cannot concur with Mr. Powers that “In- 
vestigations of concrete mixtures have long been hampered by lack 
of an adequate device for measuring workability,” or that ‘‘This test 
makes distinctions between mixes to a degree which was hither-to 
impossible, ete.’”’ Results obtained with the penetration apparatus as 
iong as ten years ago showed the possibility of differentiating between 
loncretes in other ways than by slump or flow. 


It is gratifying to have this striking recognition of the fact that 
neither the slump nor the flow gives the complete picture of work- 
ability as it exists in the field. The fact that two entirely different 
types of apparatus show similar tendencies strongly confirms data 
obtained with either and it appears that either or both warrants 
further consideration. ° 


John Tucker, Jr.*—For measuring the workability of concrete there 
are but two general types of apparatus that have been, or that can be, 
used. In one a definite force or torque is applied to the material and 
the amount of movement, or flow is measured. In the other a definite 
movement or flow is obtained and the force or the amount of work is 
measured. Now the number of apparatus of these two types that can 
be designed is exactly infinite. Each year we have papers describing 
one or more. We are getting nowhere very fast. Each investigator 
with new apparatus gets data in no way to be correlated with the 
data obtained in any other laboratory. It would seem desirable to 
agree on some one type and to obtain comparable data at all labora- 
tories. I do not mean that the type of apparatus under discussion is 
not possibly better than any other but we should be able to prove 
indisputably the advantages of any new type in offering it for approval. 


The statement has been made in this paper that neither the flow 
test nor the slump test provides a reliable means of predicting just 
how a given mixture would behave under given conditions. It may 
be that Mr. Powers can prove his “remolding”’ test will give us this 
information, or at least give it better than the flow test, but he has 
offered no proof of this in the paper other than as a bald statement as 
if of fact. He also makes the statement that his apparatus makes a 
distinction between mixes to a degree which was hitherto impossible, 
ete. I call your attention to Fig. 11A, “Relation of the Remolding 
Effort to Slump’’: where, for example, the 1:3:6 and the 1:14%:3 mix- 
tures would appear to have about the same workability by Mr. 
Powers’ apparatus at a one-inch slump, although it is obvious to any 
observer familiar with concretes that the richer mixture is the more 
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workable. Let us also consider, in the same figure, the 1:3:6 mix at 
slumps of 1 in. and 7 in. The difference in the re-molding effort is 
negligible, the remolding effort in each case being approximately 55. 
Here even the slump test, less sensitive than the flow table, is much 
more sensitive and can very readily detect a difference where the new 
apparatus fails. 


Again it would appear from the same figure that the remolding test 
is more sensitive for slumps of approximately 1% in. or less, and is 
less sensitive for slumps larger than 114% in. Unfortunately much the 
larger amount of concrete is used with slumps greater than 11% in. 


I would like to add a few words regarding the flow table. The flow 
table is a type of apparatus that depends, not alone upon the magnitude 
of the ‘drop but upon, among other things, the resiliency and elasticity 
of the base. There has been no effort to calibrate the flow table. If 
any other apparatus used in the testing of cement and concrete needs 
calibrating, the flow table certainly needs calibrating. As an example 
of what can be done with the flow table, the addition of solder on the 
flow table as shown by experiments at the Bureau will change flow 
appreciably, the solder probably absorbing the wave energy. 


The paper did not describe the way in which the remolding apparatus 
was attached to the jigging table. Presumably it should be fastened 
very rigidly to prevent movement, otherwise the results would vary 
considerably with the laboratory, in fact so much that it would be 
almost useless to compare results made upon two separate machines. 


P. H. Bates*—I am sorry that I cannot agree that investigations of 
concrete have been hampered by lack of workability tests. I just 
hate to think what would have happened if this were the case. Imagine, 
with all the investigational work we have had to date on concrete, 
that had we had the workability test at the time it was started, how 
many more investigations there would have been. 


There is an expression in the paper, which I know is a favorite one 
with Mr. McMillan also, regarding the concept of what concrete is, 
which I never hear without getting a sort of chill. I cannot conceive 
of concrete being a suspension of aggregates in water. It is beyond my 
understanding of what a suspension is to feel that a material or ma- 
terials having the density of aggregates and cement, can be suspended 
in a material that has the density of water. But, on the other hand 
it is no violent breaking of any concept to conceive of concrete being a 
suspension of water in the aggregates, and all the thoughts that are 
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presented can be well met by that same concept. However the con- 
crete industry has always been adept at taking concepts and words 
from other sciences, and adapting them after more or less general 
consensus, to the concrete industry. I have in mind the use of 
that word density in concrete, which is just about as far from 
what true density is as one could conceive. I find that the author has 
gone a little further and given a definition of mobility rather removed 
from the usual concept of mobility. Then I also find he has even 
stepped off into the military sciences and speaks of ‘‘the mobilizing 
effect of the paste.” I further find another word—economy—which 
is used very commonly in the concrete industry. I do not know whether 
that comes from the economic sciences or the social sciences; whether 
it is intended to have a psychological effect or not, but it is a sort of 
shorthand way of saying “less cement.’”’ I am wondering what con- 
stitutes an economical concrete nowadays, with the present price of 
cement? 

Mr. MeMillan did a much better job than the author in presenting 
the idea that the kind of materials is of a secondary nature. I did 
almost think that I was convinced that he was right. And then, after 
listening to Mr. Smith, I came to the conclusion that he was wrong, 
and on again noting the paper I think the author is a little uncertain 
himself. At the top of page 432, end of the first paragraph, it states 
“the kind of materials composing the paste being of secondary impor- 
tance;’’ then down about six lines, ‘“‘The reason for the noticeable 
lack of parallelism between the cement curve and the Celite curves 
is not apparent as yet and is being given further study. It may be 
due to properties inherent in the materials.’’ This seems fairly incom- 
patible with the statement just above. 

On page 434 there is a statement that leads me to query as to what 
the word ‘‘now”’ means; “It now seems apparent, and is offered as a 
tentative conclusion, that almost any of the admixtures of this type, as 
well as portland cement itself, can be made to serve the purpose of 
improving the placing properties of concrete.’’ Before the American 
Society for Testing Materials in 1920, Professor Abrams presented a 
paper on the use of admixtures. It is true that that investigation, was 
apparently hampered by not having any workability tests; a great 
many tests were presented concerning the matter of strength. I know 
that some of you were present at that meeting and some of you entered 
into the discussion, which was lengthy. Professor Talbot injected this 
question of workability into the discussion and asked the particular 
question, whether these admixtures had affected workability, I am 
quoting now from Professor Abrams’ discussion, “that, for ordinary 
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mixtures the presence of hydrated lime had no particular effect on 
workability, and in the case of the richer mixtures it seemed to make 
the concrete less workable; in the case of leaner ones, a little more so.”’ 
He also stated ‘hydrated lime behaved no differently from the bulk 
of other powdered materials in the tests.”” This is just the tentative 
conclusion offered, ‘‘now’’; and Professor Abrams offered that twelve 
years ago. 


But I believe the most interesting part of the whole paper is the 
second last paragraph, and that, to my mind is a gem worthy of much 
scrutiny and universal acceptance. I have often thought what I would 
do if I contemplated going into the contracting business. When I 
looked over the many, many precautions and the many indications of 
what it was necessary for a contractor to do before he made concrete, 
the tests he had to carry out, etc., I always felt that I would not 
become a concrete contractor but surely a steel erector. Therefore it 
is most interesting to read this last paragraph and find that, after all, 
all you need to do to make good concrete is to carry out such simple 
procedures as the re-molding test. This attitude of the author is 
worthy of much consideration. 


Readers are referred to the JourNau for September, 1932 (Vol. 29), for other dis- 
cussions of Mr. Powers’ paper—by Wallace F. Purrington and Harold C. Loring, G. 
M. Williams, Ira L. Collier, Jean H. Knox, C. D. Brown, Warren C. Bruce, R. B. 
Young, and the author's closure. 
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MATERIALS 
ADMIXTURES 


Effect of calcium chloride as an admixture in portland cement concrete. 
R. C. Stoang, W. J. McCauacuy, WiLper D. Foster, anp Cart Sureve. Bul. No. 
61, Eng. Exp. Sta., The Ohio State University.—Purpose of this investigation was to 
find (a) effect of calcium chloride on rate of hydration of constituent minerals of 
portland cement taken separately; (b) effect of calcium chloride on rate of hydration 
of portland cement itself; (¢) character of hydration products when portland cement 
is set up in calcium chloride solution, particularly as to whether calcium chloride 
combines chemically with any portion of cement; (d) what other effects, if any, 
calcium chloride has on portland cement or its hydration products; (e) difference 
during curing period in change in moisture content between plain concrete and 
calcium chloride admixed concrete; (f) difference during curing period in volumetric 
changes between plain concrete and calcium chloride admixed concrete. Report 
discusses problem as a whole, methods used in tests and their relative merits, the 
observations, theories, and conclusions. Conclusions includes calcium chloride 
accelerates hydration of calcium silicates in portland cement and of portland cement 
as a whole, but has retarding influence on eduatiam of tricalcium aluminate; that 
moisture content in calcium chloride admixed mortar was, under all conditions 
tested, higher than in plain concrete; that under medium or high relative humidity 
conditions, calcium chloride admixed concrete usually shrinks more and also more 
rapidly than plain concrete—under low relative humidity conditions this order was 
sometimes reversed.—R. L. B. 


AGGREGATES 

What is the fineness modulus? OrrokarR Stern. Zeitschrift Ostr. Ing. Arch. 
Vereins (Austria), Apr. 17, 1931, V. 83, No. 15-16, p. 142-3.—Mathematical and 
mechanical definitions are derived. Relations are discussed between concrete com- 
pressive strength, w/c ratio, necessary amount of water for a certain consistency and 
gradation of aggregates.—A. E. B 


Utilization of finer sizes of gravel in concrete highway construction. 
Bert Myers. Nat. Sand Gravel Bul., April, 1931, p. 12-16.--Due to the excess 
amount of sand and scarcity of gravel found in the deposits in Iowa, an extensive 
study was carried out by the Engineering Experiment Station of lowa State College 
to develop method of designing concrete mixtures having satisfactory strength for 
purpose intended and to be most economical for use under conditions existing in 
lowa. As result of investigation, six different proportions are permitted, depending 
on grading of aggregate av: ullable, all of which, except one, are oversanded. Per- 
centage of sand in total aggregate ‘varies from 33 to 60, with all mixtures producing 
about same strength. Paper gives results of strength tests, crack surveys, and com- 
pares costs of different mixtures..-P. McK. 


Allowable percentages of soft material in coarse aggregate. H1. G. Groves 
Rock Products, May 23, 1931, V. 34, No. 11, p. 47-48.—-Tests were made on sand and 
gravel concrete using a constant water-cement ratio of 0.9. Soft rock and shale were 
added as percentages of the coarse aggregate. Soft rock was not identified except by 
describing it as dark brown in color, appearing solid when first examined. With short 
period of weathering it checks and outer part shells off leaving a core which is some- 
times soft and sometimes hard and of a rusty appearance. Results indicate it is 

safe to use soft rock up to 4% and to 6% w here concrete was not exposed to wes ather. 
W ith shale, the tests indicate that sh: ale t may be used up to 4% without serious e fect 
on strength, but do not show effect of weathering on concrete containing shale. 
It is considered safe to use up to 4% of shale in concrete not exposed to weather.— 


de be 


Deleterious substances in concrete aggregates. F. C. Lana. Nat. Sand 
Gravel Bul., April, 1931, p. 17-20.—More specific specifications covering deleterious 
substances are needed. In a specification, depending on the individual’s opinion, 
uniform results cannot be expected. Division of deleterious substances in gravel 
into two groups is suggested. (1) Those having volume change, including such 
materials as shale, “chocolate bars,’’ some cherts, etc., which expend with such force 














2 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


after being placed in concrete that they blow out concrete which lies over them, or 
if present in sufficient quantity may cause complete disintegration of entire structure; 

(2) those structurally weak, including all particles which decrease strength of con- 
pn for particular place intended, such as soft pieces, some adherent coatings, etc. 
This classification involves the development of tests for identifying deleterious sub- 
stances and setting of test limits for various uses for which concrete is designed on 
the basis of strength and exposure.—P. McK. 


Freezing tests on mortar and concrete. A. T. GotpBpeck. Crushed Stone J., 
—_ 1931, V. 7, No. 4, p. 5-12.—Three series of mortar mixtures were made in 
ich the specimens were composed of neat cement, 1:1, 1:11, 1:2, 1:24, and 1:3 
mortar and each mix was made with w/c ratios of 0.63, 0. 70, 0.77, 0.84, 0.91, and 
0.98. In each series the curing conditions were varied. At the age of 28 da. the speci- 
mens were placed in pans partially filled with water and tested by freezing and thaw- 
ing. From these tests, it appears that free water content controls durability of 
mortar, that richness of mortar does not seem to have any particular effect on dura- 
bility when water-cement ratios are about alike, that it is possible to have disinte- 
gration of mortars, and therefore of concrete, even with fine aggregates which are 
in themselves sound. Mortar specimens of 1:2 mix with a w/c of 0.70 were made 
with five glacial sands of questionable soundness. After freezing and thawing tests, 
these ——— were incomparably better than those of first three series made with 
sound Potomac River sand, indicating that durability of sand is not necessarily an 
indication of durability of "mortar. Concrete of 1:2 2:34 mix in which sound and 
unsound coarse aggregate were used was subjected to freezing and thawing tests with 
following results: Mortar surface was removed from concrete leaving coarse aggre- 
gate projecting beyond mortar. If exposed coarse aggregate was unsound, there was 
a tendency for it to flake off, but it did not break the concrete nor cause pitting on 
surface of concrete. Cementing medium, composed of portland cement and water, 
seems to be most important element in durability of concrete. J. E. G. 


Review of tests on effect of size and grading of fine and coarse aggregate 
on the strength of concrete. STanToN WALKER. Nat. Sand Gravel Bul., June, 
1931, p. 11.—-This paper reviews the more comprehensive tests on effect of size and 
grading of fine and coarse aggregate, considered separately, on the strength of con- 
crete. It is confined entirely to strength tests and, in general, to strength tests of 
gravel concrete. It is composed principally of tabulations of d: ata and contains very 
little analytical discussion of the question. No attempt was made to outline definite 
conclusions, although the foliowing indications are clear from the data: (1) Varia- 
tions in the maximum size of similarly graded coarse aggregates have comparatively 
little effect on compressive and flexural strength of concrete for a wide range in 
maximum size. (2) Amounts of intermediate and finer sizes in aggregates of the 
same maximum size may vary over a relatively wide range without affecting the 
strength or yield of concrete an important, amount. So far as strength and yield are 
concerned, the data are entirely definite in showing that usual specification limits 
are sufficiently rigid to insure uniformity; some advantages are exhibited for the 
coarse aggregates containing the higher percentages of smaller sizes. Definite con- 
clusions as to the magnitude of casual variations in gradings which may be per- 
mitted depend on further knowledge of their effects on such factors as work: ability, 
segregation and volume changes of concrete. (3) Ordinary interpretations of sieve 
analysis of sands do not given an accurate measure of their concrete-making proper- 
ties. Strengths of sand mortars expressed as a ratio to the strength of similar stand- 
ard sand mortars furnish no directly applicable information as to the concrete-making 
properties of sands.—P. McK. 


Technique of mixing aggregates on a conveyor belt. Rock Products, June 
20, 1931, V. 34, No. 13, p. 79.—Bin spouts used by the Consolidated Rock Products 
Co., Los Angeles, Calif. have no gates but there is a short piece of spout across the 
end, hinged at one end, ‘the free end of which can be raised and lowered so as to give 
any "discharge from full spout to nothing. The position of a hand wheel gives approx- 
imate percentage from any bin. Ordinarily a 60-25-15 mix means 60% of 2'- 
1-in.; 25% 114-3¢-in. and 15% %%-in.-No. 4 mesh. Most aggregates are sold 
in se rate sizes but some customers want a mix like that described. The city 
of Glendale and the Los Angeles Board of Education buy aggregates mixed to a 
definite fineness modulus and this mixing is done on the belt and checked by sampling 
until found correct. Limits are 3.00 to 3.20 F. M. for sand and 7.00 to 7.50 F. M. for 
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coarse aggregates. When desired the company will design a mix, using trial method 
recommended by Portland Cement Association. Aggregates are mixed to have a 
fineness modulus of 5.40-5.50.—E. 8. 


Sieve testing of aggregates. EpmMuNp SHaw. Rock Products, May 9, 1931, \ 
34, No. 10, p. 58-64.—-Revision of sieve testing methods, or adoption of a single 
method, such as A. 8S. T. M. C 41-24, is needed. International system of sieves 
and sieve testing methods would be of great value and save much misunderstanding. 
Confusion of sieves and sieve systems has led to the use of conversion charts by 
engineers. These are logarithmic charts covering all the screens in use in various 
systems with equivalents of round holes in square holes. Plotting the sieve analysis 
in one system enables sieve analysis in any other system to be read off. In example 
given, conversion of round holes to square is on a basis of 1.207, as recommended by 
Kitts and others. The limits of error in converting from one sieve system to another 
by such a chart are shown to be of the order of 1% to 2% provided smooth curves are 
drawn.—E. 8. 


Modernizing the cereus and washing of crushed stone. Rock Products, 
June 6, 1931, V. 34, No. 12, p. 59-65.-Remodelling of plant of C. L. Bean, Inc., 
Melvin, Ohio, includes substituting of all rotary screens by vibrating screens, new 
flow sheet permitting diversion of any size on dry end to crushers for recrushing or 
to wet end for washing, plenty of screen area and keeping 114-in. plus and minus 
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materials separate to obtain cleaner sizing and washing.—E. 8. 


Designing for unusual conditions. Rock Products, June 6, 1931, V.34, No. 12, 
p. 48-52. A general description of Irwindale plant of Consolidated Rock Produc ‘ts 
Co., Los Angeles, Calif., and its operation. Deposit contains about right mix for 
concrete aggregate with some boulders that may be made into crushed rock. It is at 
least 400 ft. deep, present pit being about 100 ft. deep. An electric shovel digs 
material which is sent field conveyor to primary jaw crusher set on the pit bottom. 
All products go by belt to w ashing plant, whic h has excellent device for proportion- 
ing aggregates. Each bin has a spout th: 1t can be ac curately set by a wheel to deliver 
the amount wanted. The spouts discharge on a conveyor belt and the mix is sampled 
and the spouts are adjusted until the proper grading is secured.—E. 8. 


Modern sand and gravel woeaee dredge. Victor J. Mitkowskr. Rock Pro- 
ducts, June 6, 1931, V. 34, No. 12, p. 85-87.—-Special dredge was built to supply 
aggregates for Osage, Mo., dei lectric development, because local aggregate 
producers could not supply them. Hull was made of eight pontoons bolted together 
after dredge was in water, bolt holes being above water when hull was light. Special 
features include gravel pump, Diesel engine, generator supplying current for auxil- 
iaries and rotary cutter. Barges were flat deck scows holding 115 yd. The pump 
loaded them through a screen which distributed the material with the least disturb- 
ance.—E. 5. 


Rocky mountain stone operation. Jos. C. Corte. Rock Products, June 20, 
1931, V. 34, No. 13, p. 25-27.—Tunnel blasting has superseded well drill hole blasting 
at quarry of J. B. Bertrand, Inc., Golden, Colo. Taking advantage of a tale seam, 
a tunnel 75 ft. long was driven into quarry face. At 45 ft. a cross cut 50 ft. each way 
was driven. Each cross cut has three pockets, 4 x 5 ft. approximately 20 ft. apart. 
They were loaded with 1400-1500 Ib. Hercomite powder and one pocket had 500 Ib. 
75% blasting gelatine added. Cross cut was filled with sand in bags and 8 ft. of 
main tunnel was filled with tamping. Shot was fired with electric blasting caps and 
a 50-hole blasting machine. 47,250 tons of rock was broken with 9500 lb. powder. 

E. S. 

Motor truck delivery system. Rock Products, June 20, 1931, V. 34, No. 13, p. 
28-31.—The Consolidated Rock Products Co., Los Angeles, Callif., has 31 plants. 
Delivery of aggregates is handled through three divisions situated in centers of 
groups of plants. The Eastern and the Western divisions are about 15 miles from 
the city and on opposite sides and the Alameda St. division is in the city. All orders 
are received at the down town office of the company and telephoned over special 
wires to the divisions that can handle them best. Each division has a dispatcher who 
routes loads and he knows how long a delivery should take and puts his estimate on 
a sheet when truck starts. Batched materials and separate sizes are delivered. 
Loading bins have automatic weighing devices which weigh within 5 lb. plus or 
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minus. Limits of truck delivery increase continually. On one job it was 20¢ per ton 
cheaper to deliver 25 miles by truck than by rail and truck.—E. 8. 


The sand and gravel industry and its problems. JoHN ZOLLINGER. Rock 
Products, June 20, 1931, V. 34, No. 13, p. 49-51.—Double- and triple-deck vibrating 
screens are objectionable because they must be of heavy and cumbersome construc- 
tion to stand heavy loads. Much time is lost in changing screen cloth. Better 
control of material can be had with single deck screens. Arrangements of screens 
illustrated are: (1) Rotary screen with 34-in. and 114-in. holes, undersize to pass 
over two 4-in. and two )4-in. vibrating screens and oversize to pass over 4-in. and 
34-in. vibrating screens. (2) Rotary screen with 1 14-in. holes, undersize to pass over 
a triple deck vibrating screen with 34-in., 14-in. and 4-in. holes. (3) Rotary screen 
with outer jacket of 4-in. holes, inner jacket with 14-in. and 34-in. holes. These all 
produce the same sized products. For scrubbing a design is recommended with 
helical blades cast in sections with liner.—E. 8S. 

“Old timer’’ in stone production starts new venture. H. M. Fircu. Rock 
Products, May 23, 1931, V. 34, No. 11, p. 56-57.—Pontiae, (Ill.) Stone Co., of A. E. 
Markgraf, works deposit only 17 ft. thick but in a locality where there is little lime- 
stone and fines from crushing may be sold to farmers. Deposit is a dome and lime- 
stone is reported to be good for cement making, containing 94.88% CaCO; and 1.68% 
MgCoO;. Hammer drills are used. Plant has No. 5 gyratory crusher, vibrating 
screens and hammer mill secondary crusher, producing about 500 tons daily.—E. S. 

Blasting practice at the quarry of the New Haven Trap Rock Co. S. R. 
Russe.ut. Rock Products, May 23, 1931, V. 34, No. 11, p. 63-65.—A combination of 
well drilling and snake holes has been superseded by tunnel blasting. Two blasts 
have been shot, one of two tunnels which held 44,000 lb. powder and produced 
200,000 tons stone and the other with three tunnels loaded with 60,200 lb. powder. 
Eighty-nine snake holes were driven at the bottom and loaded with 5,200 Ib. The 
blast produced upward of 300,000 tons.—E. 8S. 


Uniformity in Aggregates. Rock Products, April 11, 1931, V. 34, No. 8, p. 69. 
—Recent Federal specifications for fine aggregates say shipments must agree with 
sample submitted within 20 points of fineness modulus. Early methods of propor- 
tioning are displaced by trial mixes with fixed water ratio, and workability and yield 
are thus matters of aggregate gradation. Some recent plants split sand into coarse, 
medium and fine and combine in constant proportions.—E. 8. 


Sand and gravel production of Memphis, Tenn. Eart C. Harsu. Rock 
Products, April 11, 1931, V. 34, No. 8, p. 50.—Practically all production of Memphis 
district comes from three operations, all using suction dredges. Plants described are 
operated by Central Sand and Gravel Co., now part of General Aggregates Corp., 
Missouri Portland Cement Co., and Wolf River Sand and Gravel Co.—E. 8. 

Developments in Oregon sand and gravel industry. W. A. Scorr. Rock 
Products, April 25, 1931, V. 34, No. 9, p. 58-60.—Oregon City Sand and Gravel Co.’s 
new plant is on the Clackamas river which is a swift stream. Deposit is result of 
movement of material all along its course and redeposition replenishes supply. 
Average bank material contains 15% sand, 50% gravel and 35% boulders up to 
10-in. maximum. Complete equipment includes drag scraper, grizzly, crushers, 
revolving screens and bins.—E. S. 

What is a specification engineer for a producer? Harry D. Jumper. Rock 
Products, April 25, 1931, V. 34, No. 9, p. 62-63.—Specification engineer for Consoli- 
dated Rock Products Co., Los Angeles, Calif., does not write specifications but 
dissects and interprets those written by others and decides whether standard ma- 
terials will fill them and if not what changes in plants will be needed and how much 
these will cost. This calls for close coordination with sales department. If material 
required is not regularly produced, specification engineer confers with engineer or 
architect in charge to show what standard material will be closest to requirements. 
If this is not accepted the added cost of special material is given to sales department 
for quoting.—E. S. 


Simplification of coarse aggregate specifications in the St. Louis district. 
Rock Products, April 25, 1931, V. 34, No. 9, p. 64-65.—Survey by D. D. McGuire, 
district engineer of National Sand and Gravel Association showed ten specifications 
for coarse aggregate in force in St. Louis district. No single sample could be manu- 
factured to conform to all ten, and one, No. 8, could only be met by screening out in 

















ABSTRACTS September, 1931 5 


the laboratory and combining on a weight basis. Fourteen different screens were 
necessary for inspection and screen analysis. At a conference of engineers and pro- 
ducers interested, a committee was chosen to draft simplified specifications which 
have now been unanimously adopted.—E. 8. 


Saving money by attention to details. Rock Products, April 25, 1931, V. 34, 
No. 9, p. 68.—The Montgomery (Alabama) Gravel Co. in building its third plant 
planned the pipe that delivers the pump discharge from the dredge to the washing 
plant so that a single 90 deg. ell was eliminated. The company ’s engineer calculates 
this will save 5¢ per ton or $45,000 in life of deposit.—E. 5. 


Hills of Southern Wisconsin rich in mineral aggregates. H. M. Fircnu. 
Rock Products, May 9, 1931, V. 34, No. 10, p. 33-43.—Fifteen crushed stone and gravel 
plants visited are described in detail. The territory, which stretches across southern 
Wisconsin from Lake Michigan to the Mississippi River contains several stone quarries 
and a “‘super-abundance”’ of sand and gravel plants, as workable deposits are found 
almost everywhere.—E. S. 

Sand drying plant under automatic control. Rock Products, April 11, 1931, 
V. 34, No. 9, p. 41.-The dryer is of the direct-indirect type. Oil fuel is used, fed by 
a device which has a revolving cup driven by compressed air. The finely atomized 
oil is thrown off the edge and mixed with the air and combustion is practically com- 


plete. The pump which feeds the oil is controlled by a temperature control device in 
the discharge of dried sand.—-E. 8. 


CEMENT 


The pale of the boiling test. Heinricu Lurrscuitz. Zement (Germany), 
June 18, 1931, V. 20, No. 25, p. 585-8.—A critical mathematical study of stresses 
occurring in ce ment pats during cold and hot water immersion was made and results 
compared with behavior of natural stones under similar conditions. Formation of 
cracks is due to resultant force of shrinkage of cement and tendency of water in 
interior of cement to emerge. Stresses in high alumina cement pats are directed from 
periphery to center while stresses in magnesia cement pats are directed radially from 
center to periphery. Curves illustrate volume changes when hardened cement is 
heated. Results of investigation can be applied to practice in order to find suitable 
means to protect concrete during early hardening period.—A. E. B. 

Studies on dissolution velocity of portland rey Tosaku YOSHIOKA 
AND KokusH1 KumaGak. Kogyo Kwagaku Zasshi, J. of Soc. Chem. Ind. (Japan) 
March, 1931, V. 34, Supplemental binding No. 3, p. 89B.— Normal portland cements, 
rapid harde ning cement, super cement, spec ial cement, Velo cement and Dy ckerhoft 
Doppel cement were agitate d at 77 and 86° F. with excess of water under exclusion 
of carbon dioxide. Electrolytic conductivities were measured and alkalinity of 
solutions was determined by titration with N/10 hydrochloric acid. Portland 
cements show a common and characteristic time reaction tendency of hydration. 
Cements with similar compositions show markedly different behavior under exactly 
same conditions. Some cements show as high as 12 to 13% lime dissolved and 
electrolytical conductivities are 0.0060 units after 8 hr. of agitation while others 
dissolve only 8% of lime with an electrolytical conductivity of 0.0025. Lime in 
solution increases until maximum is reached. Nature of curves is found identical 
with all cements investigated. Further studies are under way.—A. E. 

Microscopic study of swelling of cement grains upon hydration. Tosaku 
YosHiOKA AND Hose: Takata. Kogyo Kwagaku Zasshi, J. of Soc. Chem. Ind., 
(Japan), March 1931, V. 34, Supplemental binding No. 3, p. 88B.—Swelling of grains 
of normal portland cement was observed when treated with either small or large 
excess of water. Special, Velo and super cement grains apparently decreased in size 
and sometimes dissappearc d completely. Being of heterogeneous character and con- 
sisting of several chemically different minerals, part of clinker constituents dissolve 
completely. Swelling occurs also in such cases where solution takes place, both 
phenomena compensating each other.—-A. E. |} 


Microscopic study of hydration phenomena of cements. ‘TOsAKU YOSHI- 
oKA, KokusHit KUMAGAE AND Hoser Takata. Kogyo Kwagaku Zasshi, J. of Soc. 
Chem. Ind. (Japan), March 1931, V. 34, Supplemental binding No. 3, p. 87-8B- 
Five Japanese portland cements, a German Special cement, an English super cement, 
a Danish Velo cement and a Japanese blast furnace slag cement were hydrated with 
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limited excess of water over five weeks period using wet chamber method. Different 
behaviors of cements were studied under microscope. Velo and super cements 
hydrate more rapidly than other cements. Velo and blast furnace slag cements show 
abundance of needle crystals even after 4 weeks. Needles formed in case of special, 
super and normal portland cements disappeared soon, increasing turbidity of vision 
field 


-—A. E. B. 


Practical treatise of structural materials. H. Nirzscue. 1930, Max Jae- 
necke, Leipzig, (Germany), RM. 1.60. Reviewed in Zement (Germany), Jan. 29, 
1931, V. 20, No. 5, p. 110.—Book is rather complete treatise on subject of building 
materials. Part 1 deals with chemical reactions in the field of structural materials; 
part 2 explains chemical properties and examination of water, natural and artificial 
stones, cement and cementing materials. Last chapter of book discusses mechanical 
properties and standard test methods for physical examination.—A. E. B. 

Particle size in the cement industry. CHARLES G. DUNCOMBE AND JAMEs R. 
Wirnrow. (Dissertation presented in partial fulfillment of requirements for the 
degree of Doctor of Philosophy in the Graduate School of The Ohio State Uni- 
versity, June, 1931.)—The work is initial portion of an investigation which has 
development of method for determination of fine powders in general and cement in 
particular which will be suitable for use in control laboratories as the ultimate object. 
Sedimentation and other methods now available for evaluation of fineness are reviewed. 
Apparatus and method of Kelly were critically examined and tested and found unsatis- 
factory for sedimentation of cement because of evaporation loss, lag in readings and 
manipulative difficulties. An apparatus and method for sedimentation of cement is 
described which permits close duplication of distribution data. Observations are 
shown to have an error of less than 0.1% when temperature is controlled within 
0.02° C. Methods of evaluation of fineness distribution from fall curves are discussed 
and tested. It is shown that graphical method of Oden is only usable method. Work 
is to be continued with present apparatus with a view to investigating other sources 
of error. Ultimate object is method which will produce results in less than two hours 
in hands of ordinary laboratory worker.—J. R. 8. 

The hardening problem of portland cement. Kari E. Dorscu. Zement 
(Germany), March 26, 1931, V. 20, No. 13, p. 296-7.—-In a previous article (ef. 
Zement (Germany), Dec. 25, 1930, V. 19, No. 52, p. 1225) Tippmann reported 4 
different methods for preparation of crystailine and amorphous calcium hydroxide 
and states that 2 forms of crystalline modification exist. Author repeated Tippmann’s 
experiments but was unable to find end products of such nature. No essential differ- 
ence in behavior of water, dilute and saturated gypsum solutions with lime or port- 
land cement could be observed under the microscope. Crystals which formed at 
walls of test tubes consisted mostly of gypsum crystals and few calcium hydroxide 
erystals. Author refers to article by Hans Kihl and Czernin (ef. Zement (Germany), 
March 12,1931, V. 20, No. 11, Pp. 234-9) whose findings in investigating this subject 
were of similar nature.—A. E. B. 

Studies on mixed portland cement. Snorcnrro Naaat. Kogyo Kwagaku 
Zasshi, J. of Soc. Chem. Ind. (Japan), May 1931, V. 34, Supplemental binding No. 5, 

. 162-4B.—Twelve cements were prepared from same clinker and various admixtures 
in continuance of previous work (cf. Kogyo Kwagaku Zasshi, J. of Soc. Chem. Ind. 
(Japan), 1929, V. 32, p. 343, 629, 971, 1171; 1930, V. 33, p. 279, 601; JourNaL A.C. L., 
March, 1931, V. 2, No. 7, Abstracts p. 188). Cements were: 1 portland cement, 3 
Soliditit cements (prepared with ignited granite), 2 Neo-Soliditit cements (containing 
feldspar and kieselguhr), 3 mixed cements containing spent shale, 2 special mixed 
cements with kieselguhr and 1 blast furnace slag cement. Compressive strength 
was determined by small-piece testing method after different ways of curing. Fresh 
inner portions of cement pats were prepared, dried and powdered. Content of un- 
combined lime in these samples was determined. Amounts of uncombined lime 
increase by heating hydrated cement product in case of normal portland cement but 
decreases in all cases of mixed cements. Uncombined lime combines with soluble 
siliceous and aluminous constituents of admixtures. In ordinary portland cement 
large amounts of uncombined lime are produced on heating. It converts to calcium 
hydrate and later to calcium carbonate. Expansion causes cracks and disintegra- 
tion. Such changes do not occur in cases of mixed portland cements.—A. E. B. 


Observations of calcium hydrate and its role in the hardening process of 
portland cements. FrRieprich TippMANN. Kolloid Zeitschrift (Germany), Apr. 
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1931, V. 55, No. 85-107. Data are furnished (1) about amorphous and crystalline 
calcium se wrt be conditions under which they are formed, (2) most important 
forms of crystalline calcium hydrate and (3) a new tetrahedral form with very 
interesting transformations. Needle crystals formed in cements gauged with excess 
of water are not monocalcium hydrosilicate but calcium hydrate. These needles are 
not formed in portland cement pastes of normal consistency. Solution of gypsum 
causes formation of crystals of calcium hydrate. Phenomena during change from 
amorphous to cryst: alline form are expl: ined. Effect of gypsum on setting time is 
illustrated from viewpoint of this theory. Improving effect of small quantities of 
gypsum on strength of cement is not due to additive action of gypsum crystallization. 
Colloid and crystallization theories of setting and hardening of portls ind cement are 
discussed. A new microscopic method is derived for studying setting phenomena. 
Unsoundness is caused by amorphous calcium hydrate and not by crystalline form. 
Changes from unsound to sound cement were demonst rated by experiment. Action 
of sugar upon formation of crystalline calcium hydrate is shown. A complete list of 
67 references on this subject is given.—A. E. B 

Studies on fundamental synthesis of calcium aluminates and their 
hydration. Part 8. SHoicuiro NaGart AND Ryuicut Nairo. Kogyo Kwagaku 
Zasshi, J. of Soc. Chem. Ind., (Japan), May 1931, V. 34, Supplemental binding No. 5, 

159-61B.—In continuance of previous studies (cf. Kogyo Kwagaku Zasshi, J. of 
Soc. Chem. Ind. (Japan), 1929, V. 32, p. 731, 965, 991, Jan., Apr., May and Aug. 1931, 
Supplemental binding No. 1, 4, 5 and 8, p. 37-43, 133-7B, 164-6, 315-8B; JouRNAL 
A. C. 1., Nov. 1930, Feb. 1931, No. 3, 6, Abstracts, p. 66, 67, 167) authors prepared 
4 mixtures: 4CaQ.ALO;.Fe.0;, 5CaO.Al,0;.Fe0;, 6CaO.AlLO;.2Fe.0; and 5CaO- 
Al,O3.2Fe.O; in order to study composition and properties of celite. Heating tem- 
peratures, heating time, uncombined lime, insoluble residue and specific gravity 
were carefully ex amined. Heating experiments showed a nearly complete reaction 
between raw materials at 2370° F. or at a little higher temperature. Hydration 
properties were investigated with materials of same character produced on large 
scale. Compressive strengths of 1:3 ee irs were determined by small-piece testing 
method (cf. Kogyo Kwagaku Zasshi, J. of Soc. Chem. Ind. (Japan), Feb.-March 
1930, V.. 33, Supplements al binding No. 2-3, p. 46-7, 290-5; Journan A. C. L., Dee. 
1930, May 1931, V. 2, No. 4 and 9, Abstracts p. 99, 245.). Compound 4CaQ.Al,Os. 
Fe.O; gave best results, then followed 4.6CaO.Al,0;.Fe0;. Calculations of molar 
ratio of lime to alumina and their comparison with ratios and percentages of aluminate 
and ferrite revealed that 2CaO.Fe.O, is only existing ferrite in these high lime mix- 
tures when heated above 2200° F. Insoluble residue consists of nonreacted free 
alumina.—A. E. B. 


The effect of uncombined lime in portland cement upon the solubility of 
lime and alumina. Katsuzo Koyanaai. Kogyo Kwagaku Zashi, J. Soc. 
Chem. Ind., (Japan), Feb. 1931, V. 34, Supplemental binding, No. 2, p. 56-8B.—In 
continuance of previous work on hydration of portland cement clinker (ef. Kogyo 
Kwagaku Zasshi, J. ra Chem. Ind. (Japan), Apr. and July 1930, V. 33, Supplements al 
binding No. 4 and 7, 147-53B, 276-7B; Journax A. C. I., Dee. 1930, V. 2, No. 4, 
Abstracts p. 94.) it ws hs jound that in hydrating clinker containing much uncombined 
lime, mostly gels and calcium hydrate crystals are formed first. while only very little 
calcium aluminate crystals appear and only with greater amounts of water. Solubili- 
ties of lime and alumina were determined in clinker with varying uncombined lime 
contents. In well burned clinker solubility of lime is less than in poorly burned 
clinker. Solubility of alumina decreases and solubility of lime increases with increas- 
ing amounts of uncombined lime. During extended agitation of any clinker amount 
of alumina in solution decreases while lime in solution increases. Results of investi- 
gation agree very well with findings under microscope.—A. E. B 

Uncombined lime in portland cement and constancy of volume. Katsuzo 
Koyanact. Kogyo Kwagaku Zasshi, J. Soc. Chem. Ind. (Japan), Dec. 1930, V. 33, 
Supplemental binding No. 12, p. 496-7B.—Two theories exist about combinaton of 
lime in portland cement; one claims that only part of lime is chemically combined as 
mono- or dicalcium silicate, the other one considers all lime as combined as tricalcium 
silicate. Clinkers burned under different conditions were investigated and free lime 
determined by glycerin method. Unsound cement was added to normal cement 
and mixtures were studied. Unsound cements became sound after storage. Con- 
siderable uncombined lime is present in unsound cement. Boiling test fails when 
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uncombined lime is higher than 1% in cement with a fineness of 4% on 175 mesh 
sieve. Cement with more than 2.2% uncombined lime does not stand boiling and 
water test. Whether uncombined lime, determined by glycerin method, is in an 
absolutely free state is not positively established. Stre ngth of unsound cement is 
improved when soundness is regained after storage. It is possible that certain re- 
lations exist between tensile strength and soundness.——A. E. B. 


Super cement process —- ni make improved product. E. W. Reep- 
Lewis. Concrete, April, 1931 No. 4, p. 101.—Process for manufacturing 
Super cement is described. Cheinier cal and physical characteristics of the product 
ea and a comparison is made between Super cements of 1926 and 1931. 


Researches on the rotary kiln in cement manufacture, Part 16. GEOFFREY 
Martin. Rock Products, April 11, 1931, V. 34, No. 8, p. 54.— Distinction between 
high and low grade heat is essential in kiln design. In falling from 1481 to 60° F. 8,332 
B. t. u. will be liberated but will not make clinker. They can only be used for pre- 
heating and drying. Cement making is analagous to raising steam in a boiler. Steam 
engineers have developed conception of entropy which is now applied to cement 
making. Changes in entropy are measured by quantity of heat that passes into a 
substance divided by absolute temperature at which it passes in. Table shows 
changes in entropy at different stages of clinker burning and also in different zones 
of rotary kiln. Part 17, April 25, 1931, V. 34, No. 9, p. 49-52.—-Clinker issues from 
the kiln at about 2500° F. Clinkering temperature varies with different mixes. 
Using formula for specific heat of portland cement clinker, accurately determined by 

Geophysical Laboratory at W ashington, mean specific heat of clinker between 
2500° F. and 32° F. is 0.2519, of air for same range of temperature is 0.2533. Table 
shows temperature to which ‘combustion air m: iy be theoretically heated when kiln 
is making from 0 to 15.732 lb. per pound of standard coal burned. Range is from 
60° F. to 2500° F. Temperature of 2500° F. is reached when 10.54 lb. clinker per 
Ib. of coal is made. After this more air can be preheated but none can be heated 
beyond temperature of clinker. Part 18, May 9, 1931, V. 34, No. 10, p. 54-57.- 
Mathematical proof is given of statements in previous parts, that kiln output is 
greatest when flame temperature is highest and that output diminishes when air ad- 
mitted is in excess of 10.478 Ib. per lb. standard coal of 12,000 B. t. u. It is assumed 
that all heat in outgoing clinker is absorbed by 10.478 lb. incoming air, as it would be 
in a perfect kiln. Main conclusion is that flame temperature of 2600° F. in ordinary 
rotary kiln is inordinately low and if it cannot, be increased limits of kiln economy are 
extremely narrow. Part 19, May 23, 1931, V. 34, No. 11, p. 58-59.—To calculate 
exit temperature of combustion gases and heat balance of kiln, it is necessary to 
calculate amount of dry slurry, expelled CO., water, etc., appertaining to clinker 
yroduced. This can be done from data previously given. 2 lb. clinker are produced 
rom 1.56032 lb. dry slurry. In making z lb. clinker 0.5238zr lb. CO. would be ex- 
pelled. Amounts of clinker theoretically producible per lb. standard coal with 
different flame temperatures have been multiplied by 0.5238 to find CO, produced, 
as given in table. Factor for combined water expelled from kaolin is 0. 0257 per lb. 
clinker and for combined water expelled from hydrated silica it is 0.0108.—E. 8. 


Application of certain formulas for rotary kiln capacities. Avron J. BLANK 
Rock Products, May 9, 1931, V. 34, No. 10, p. 70..-Two English formulas for kiln 
capacity: “For wet process kilns with slurry spray feeds, 0.02 ewt. clinker per hr. 
per cu. ft. of internal capacity” and ‘For wet-process kilns with ferris wheel and 
spoon feeds, 336 Ib. clinker per hr. per 100 sq. ft. heating surface’? were compared 
with performance of 34 and 24 English wet process kilns. In 34 performance was 
88.5% of capacity given by formula and in 24 performance was 92.2% of formula 
capacity. Spraying in the slurry gave 43 on one case, and 31 Y in another, increase 
over registered capacity. Formula of 8. H. Harrison applied to 40 English wet 
process kilns checks within 2%. This is C = 0.6DL, C being capacity per 24 hr. in 
380 lb. clinker, D the inside diameter in feet and L the length of the kiln in feet. 
E. S. 


Some observations and data in connection with the manufacture of port- 
land cement from raw materials and fuels high in sulphur content. ALTON 
J. Buank, Rock Products, April 11, 1931, V. 34, No. 8, p. 64.--Calculations from 
analyses of number of cements showed sulphide content (before gypsum was added) 
was 0.30%. Due to fine dust in kiln feed, freak cements were sometimes produced 
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containing up to 10% SO. which were sound if test pieces were stored in air but 
disintegrated in 24 hr. in moist closet or in water. Studies of kiln operation showed 
high sulphur materials to be hard to combine in the kilns. Analyses of ring forma- 
tions showed that sulphur in raw materials, aided perhaps by sulphur.in fuel, con- 
tributed to formation of rings. Excessive thickness of coating on bricks in burning 
zone Was explained in same way. Raw materials free from sulphur in any form may 
absorb it in passing through kiln, less in reducing than in oxidizing atmospheres. 
Unsoundness caused by sulphur (sulphides) is a more dangerous factor than that 
caused by free lime or underburning or overlimed mixtures.—E. 8. 


Electric furnaces for fused cement. Joun H. D. Buanke. Rock Products, 
April 11, 1931. V. 34, No. 8, p. 34.—Description of the plant of the Koenigshof 
Zementfabric at Tschiachkowitz. Raw materials are bauxite and burned lime. 
Bauxite is calcined at 800° C. so that only fusion is performed in furnace which works 
with alternating three-phase current to three electrodes in a triangle. Many figures 
give chemical analyses and the properties of various fused alumina cements. In 
certain localities production costs may equal those of high grade portland cement. 
y. S. 

Controlling devices in cement plants. Orro Scuorr. Zement (Germany). 
Apr. 30, May 14, 1931, V. 20, No. 18, 20, p. 408-14, 469-72.—New and practical 
controlling equipment ‘i modern cement industry includes: automatic scales for 
weighing raw materials delivered from quarry, meter for control of consumption of 
compressed air for drills which registers leaking equipment, automatic scales for 
proportioning of raw materials, service recorders for supervision of mill operation, 
electric device showing height of materials in silos and bins, apparatus for measuring 
air volumes and velocity and their importance in burning process, resistance ther- 
mometers, pyrometers, thermocouples gas apparatus, dust collecting systems and 
boiler control.—aA. E. B. 


Investigation of the reactions in rotary cement kilns. Taro HAsuimoto 
AND Ket-Icn1 Akiyama. Kogyo Kwagaku Zasshi, J. of Soc. Chem. Ind., (Japan), 
Apr. 1931, V. 34, Supplemental binding No. 4, p. 180-2B.—Chemical compositions 
were determined of samples taken at 5 and 10 ft. intervals from 3 different cement 
kilns, 200, 200, 212 ft. long. Uncombined lime was determined by Lerch and Bogue 
method. Starting from the lower end first 8 ft. are cooling zone, from 8 to 60-70 ft. 
is sintering zone, from 60-70 to 130-150 ft. is calcining zone and from 130-150 to 
200-212 ft. is preheating zone. Length of zones and course of reactions depend 
largely upon method of firing. Contrary to previous findings it is thought that lime 
is partly combined and partly uncombined when decomposition of limestone is 
started. Reaction near end of calcining zone takes place unusually rapidly.—A. E. B. 

The modern installations of the new cement plant in Rodaun (Austria). 
WiLHeLM Buascuezik. Zeitschrift Ostr. Ing. Arch. Vereins (Austria), Feb. 20, 1931, 
V. 83, No. 7-8, p. 45-7.—Marl and a pure limestone are quarried in close vicinity 
and broken in preliminary crusher plant. Aerial cableway transports materials to 
storage bins. Table feeder delivers materials over steel conveyor and elevator to 
dryer. Heating is by means of sprinkler stoker with powdered coal. Raw mill is a 
three-compartment compound mill. Raw mixture is pumped to silos by means of 
Fuller-Kynion pump. Rotary kiln has enlarged calcining zone. Production is 300 
tons of clinker daily. Cooler rotates underneath kiln. Finishing mill is of similar 
construction as raw mill. End product is pumped to cement bins. Additional 
information is furnished concerning packing and loading of cement, coal mill and 
burning, dust collecting system, power plant and laboratory. 


Diesel-powered tug hauls bulk- ones barges on Mississippi River. 
T.R. Tarn. Pit and Quarry, June 3, 1931, V. 22, No. 5, p. 30-35.— Detailed descrip- 
tion of the ‘William Dickinson’’ by 7g navi al are hitect who designed it for the 
Marquette Cement Mfg. Co. This ‘barge is operated between the Cape Girardeau 
plant and St. Louis and Memphis. The steel hu!l is of the open-tunnel type. Each 
of the two engines is a six-cylinder, four-cycle, directly-reversible Diesel. Miscel- 
laneous e¢ uipme nt includes an inter-communic: ating te lephone system, ri idio receivers 
ere for lubricating and fuel oils, water-service pumps, water filters and coagu- 

itors and chlorinators.—<A. J. H 

Ships for handling bulk cement used by Canada Cement Co., Ltd. Rock 

Products, June 6, 1931, V. 34, No. 12, p. 25-34.—-Shipments of bulk cement to pack- 
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ing houses obviate the need for more local mills. Canada Cement Co. serves a terri- 
tory that is an empire of itself with eight plants and cheap water transportation to 
packing plants. Mechanical equipment for loading and unloading, two boats, 
Cementkarrier and Bulkarrier, is described. Both boats have the tunnel scraper 
system of unloading, combined with belt conveyors on the Bulkarrier and with 
Fuller-Kinyon pumps on the Cementkarrier. Packing plants at Toronto and Windsor 
are filled through 8-in. pump pipe lines. Those at Halifax, St. Johns and Quebec are 
filled by belt conveyor systems.—E. 8. 


Table and chart for proportioning the mix. ArtHur T. Snyper. Rock Pro- 
ducts, May 23, 1931, V. 34, No. 11, p. 72-73.—Chart is of the nomographic type con- 
taining three log. scales. The table is a square with percentages of CaCO; on two 
sides, percentages aie the mix point being on top and those below the mix point 
on one side. Directions are given for mixing to the mix-point from a high and low 
tank. Table and chart may be used for other combinations, such as filling tank arom 
two tanks. Formulas are given for using the factors found in the table in calcu: 
tions which are more accurate than chart readings, also for extending the table. 

E. S. 


Progress in the application of electrical er reg to “tT cement 
industry. H. A. Scuarrer. Rock Products, May 23, 1931, V. 34, No. , p. 49-53 
There are 388 installations of Cottrell electrical precipits ition in the U nite d States of 
which 42 are in cement plants. The kilns so equipped produce 110,000 bbl. per day 
Most installations of past five years are of graded resistance type with electrodes 
of portland cement concrete carefully made to avoid segregation of aggregates or 
air pockets. It was developed for plants with waste heat boilers where temperature 
of exit gases does not exceed 450° F. A new type of electrode, first used in smelters, 
may be used in cement plants where temperatures range from 1000° to 1100° F. It 
is made of 0.4-in. rods or pipes of lengths up to 18 ft. hung close enough to act as a 
single electrode but free to move so that there is no warping. They are cleansed 
by an air hammer device, either automatic or semi-automatic. Factors affecting 
the percentage of dust are found to be the velocity of gasin kilns. construction of 
kiln, connecting equipment and method of feeding raw mix. The newer electrical! 
precipitation installations require less space and structure to house, have a lower 
first cost and require less power and labor. Average dust loss in the industry is 
6-8 %, the range being from 3% to 20%. The average value of this dust, in United 
States is $1 per ton.—E. 8 

The manufacture of portland cement from raw materials high in mag- 
nesia. WALTER MArscHNER. Zement (Germany), March 19, 1931, V. 20, No. 12, 
p. 265-6.—Magnesia in raw materials for manufacture of portland cement can be 
present in 2 forms, either as carbonate or as silicate. Both forms show different 
behavior in burning process. Carbonates of lime and magnesia decompose between 
1300 and 1800° F. Liberated bases react with silica. Conditions are different in 
cases where magnesium silicates are present in raw materials, as can be found in 
some blast furnace slags which are high in MgO. They can be mixed with lime in any 
proportion. Valuable high strength clinker with a hydraulic modulus above 2 can 
be burned at temperatures above 2550° F.—A. E. B. 


Contribution to the ball mill theory. Cart Naskre. Zement (Germany), 
Feb. 12, 1931, V. 20, No. 7, p. 148-9.—In addition to previous statements (cf. Zeme “ 
(Germany), March 14, 1929, V. 18, No. 11) author claims that material in ball mil 
contrary to well- known theory by Fise her, is not only crushed by impact, but i 
will be ground by attrition against lining and head of mill. He cites a statement of 
R. C. Newhouse, Chief Engineer of Allis Chalmers Co., who, based on own experi- 
ments, supports Naske’s theory. Moving-picture photographs of interior of experi- 
mental ball mill are reproduced. Equation for calculation of path of grinding bodies, 
derived by Fischer, and formula for determination of velocity of balls by Bergl and 
Reitstotter are discussed.—A. E. B 


Self-unloading cement barge cuts cost of distribution for producer. \\. 
E. Travurrer. Pit and Quarry, May 6, 1931, V. 22, No. 3, p. 43-45, 50.— Barge 
laced in operation Nov. 15, 1930, by U niversal Atlas Ceme nt Co. for transporting 
Bulk cement from mills at Buffington, Ind. to the company’s new storage and packing 
plant at Milwaukee, has capacity of 9,500 bbl., a length of 226 ft., a beam of 40 ft., 
and a molded depth of 125 ft. When loaded its draft is 9.5 ft. Cement is pumped to 
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dock, and loading is dustless. Unloading to silos at Milwaukee is at rate of about 


1,000 bbl. per hour. From thence cement passes to packing and shipping department. 
A. J. H. 


Largest Cottrell precipitator being built by Universal Atlas. Concrete, June 
1931, V. 38, No. 6, p. 69.—A new Cottrell precipitator, said to* be the largest installa- 
tion of its kind, is under construction at Mill No. 6 of the Buffington plant of the 
Universal Atlas Cement Co. This inst: illation utilizes the most modern developments 
in this method of nett suspended dust particles from gases and dust-laden air by 
electrical precipitation. . Be 


\lIscELLANEOUS 


The competition of structural materials. FRIEDRICH SEESSELBERG. Zement 
(Germany), March 19, 1931, V. 20, No. 12, p. 269-71.—A comparison is given of con- 
ditions existing in different countries for use of various structural materials, especially 
concrete and reinforced concrete, treating the subject from commercial, industrial 
and aesthetic point of view.—A. E. B. 

The literature on powdered coal. O. Knapner. 1930, V-D-I-Verlag, Berlin 
(Germany), 116 pp. RM. 6.00. Reviewed in Zement (Germany), Feb. 19, 1931, V. 
20, No. 8, p. 178.—Book represents very complete list of references of literature on 
powdered coal and related subjects. Titles of articles are printed in language of 
original publication. Short abstracts give necessary information. In more than 3000 
references is practically everything reported what has been written since 1815 on 
subject of powdered coal, powdered coal burners, drying, transportation and dust 
collection. Included are also different kinds of application, boiler constructions, 
kilns, economy and safety.— A. E. B. 


Opportunities for using indicating and recording control instruments in 
the rock products industries. James R. Witnrow. Rock Products. May 23, 
1931, V. 34, No. 11, p. 60-62.—Instruments are super-watchdogs of engineering 
variables. Any activity, quality or quantity in industry may vary by prearranged 
plan, unarranged decision of workers or operator, mere failure of a function, accident, 
breakdown, failure of delivery of material at any spot or time or unforseen contin- 
gency. For these instrumentation becomes available as a tool, a remedy, tending to 
raise labor to the level of engineering. Instruments do not favor the workman but 
tell exactly what resulted from his labor. The morale of labor is raised by instru- 
mentation.—E. 8. 

Effect of suphur on portland cement mortar. Mines N. Cuiatir. Rock Prod- 
ucts, June 6, 1931, V. 34, No. 12, p. 68-69.—-Under special conditions free sulphur 
may occur in aggregates and water used to make concrete. Tables and graphs show 
effect of sulphur in percentages from 0.1 to 10% of weight of cement on strengths at 
3, 7 and 28 da., 3 mo. and 1 vr. Effect on tensile strength is most noticeable, there 
being a gradual falling off up to 3 mo. There is a slow-chemical action which does 
not become very apparent until after 28 da. Sulphur in concrete materials is objec- 
tionable, partic ul: arly where it exceeds 1% by weight of cement.—E. 8. 


Silo discharge feeder. T. N. Harrner. Rock Products, April 25, 1931, V. 34, 
No. 9, p. 56-57.—Method designed by H. H. Leh, and the author for drawing off 
crushed gypsum from silos was later applied to cement. Silos must be of open base- 
ment type. New discharge has four 45 deg. chutes coming from openings on corner 
of square each 4 ft. 5 in. from center line. These go to a common rack and pinion 
gate and slides are provided for each gate to shut off flow if repairs are necessary. 
(\rching over two or even three openings is soon broken down by flow through remain- 
ing chute. Poke holes are placed in chute below gates.—E. 8. 


Preventing bridging in feed hopper. Rock Products, May 9, 1931, V. 34, No. 
10, p. 44-46.—Ten suggestions are given for preventing bridging in hoppers. Original 
suggestion was that of a looped chain hanging in the hopper and passing over a 
revolving sprocket. Other suggestions included: sprockets in mouth of the bin; 
revolving paddle wheel; a long strip of spring steel hanging in the bin to be operated 
bv cogs on a drum feeder below; sides of bin at the mouth so hung that they could be 
vibrated; a flat belt with ridges forming one side of the mouth of the bin, this to 
be driven by drum feeder; a diaphragm in conical part of hopper to form an annulus, 
the method used in some wet separation devices.—E. 8. 
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PROPERTIES OF CONCRETE 


About the elastic behavior of concrete. Orrokar Srern. Zé gaat Ostr. 
Ingenieur Architekten Vereins (Austria), April 17, 1931, V. 83, No. 15-16, | 143-4. 
Author gives comprehensive discussion and review of book’ ree ently published by 
Hirohiko Yoshida on this subject (cf. Zement (Germany), March 12, 1931, V. 20, 
is p. 250; Journa A. C. I., June 1931, V. 2, No. 10, Abstracts, p. 291).- A. 


Concrete test results. Det Tonkin. Contract J. (England), May 6, 1931, V. 
104, No. 2708, p. 1438.—Owing to the artificial conditions under which the usu: lly 
published test results are obtained, author recommends use of tests taken ander 
normal working conditions. Results of laboratory tests may give inexperienced : 
false sense of practical security. Liberties are taken and concessions asked for, shen 
rapid hardening cements are used. The most important factor in determination of 
rate of development of ae of concrete is atmospheric condition, and this is 
outside human control.—J. E. 


Report on experiments to study cement mortar strength a few hours 
after mixing. ALEXANDER Hascu. Zeitschrift Ostr. Ing. Arch. Vereins (Austria), 
Apr. 17, 1931, V. 83, No. 15-16, p. 141-2.Compressive and tensile strength of 1:3 
cement mortar specimens of high early strength cement were tested after 8, 12, 18, 
24 and 36 hours. Before mixing, materials were heated to 46, 60, 86 and 140° F. 
Specimens were kept in electrically heated and controlled moist closet until tested. 
Low temperatures cause considerable drop in strength. Heated aggregates help 
development of strength, especially above 86° F. Further improvement can be 
obtained by careful gradation of aggregates.—A. E. B. 


Behavior of concrete in fire. Borrke. Beton EHisen (Germany), May 20, 1931, 
V. 30, Heft 10, p. 177-181.—In numerous cases cited of concrete structures exposed 
to fire, exposed parts, as haunches, columns and non-monolithic finishes suffer most. 
Heavily reinforced sections form pl: ines of weakness, permitting spalling. A heavier 
covering will guard against this exposing of steel. Destructive effect of a water 
stream is brought out. Effect of unequal expansion of steel and concrete on spalling 
is considered negligible. Stone columns and masonry also develop spalling. The 
internal stresses due to unequal heating are cause of spalling. Expansion joints 
extending through structure are advisable but usual spacing of 120 ft. is too large. 
While concrete construction has proved to be the most fire resisting, more attention 
to details will further increase this property.—A. A. B. 


The predetermination of the properties of heat — concrete. B 
SKRAMTAJEW. Zement (Germany), Apr. 23, 1931, V. 20, No. 17, p. 394-9.— Efforts 
are made to establish certain directions for proper Moe He se of light concrete 
mixes of which certain heat insulating properties are expected. Light-weight con- 
crete, developed at Ukrainian Research Institute for Building Construction, is made 
according to following rules: (1) size of coarse aggregates must be as uniform as 

vossible; smallest piece must not be smaller than half size of largest pieces. (2) 
Fine aggregates must not be used at all. (3) w/e ratio is 0.25 to 0.30. (4) Coarse 
and porous aggregates must be soaked in water to insure proper binding with 
cement and aid to later hardening. (5) Mixing must be carried out very carefully; 
no great packing of concrete in form is allowed. (6) Concrete must not be disturbed 
for 2 days after setting takes place. Strength of this concrete depends on strength 
and quality of cement and aggregates. Formulas and graphs are presented for calcu- 
lation of weight per cu. ft. of certain mixtures and also calculation of mixes for manu- 
facture of concretes with desired weights per cu. ft.—A. E. B. 


The fire resistance of the supporting skeleton of super structures. Fritz 
EmperGer. Zeitschrift Ostr. Ing. Arch. Vereins (Austria), May 15, 1931, V. 83, No. 
19-20.—From standpoint of fire resistance, author classifies buildings into 3 classes: 
(1) buildings with no appreciable amount of inflammable materials. In case of fire, 
temperature can be temporarily as high as 1100° F. Thin layers of concrete give 
sufficient protection. Steel structures may be encased with insulating material. 
(2) Buildings with wooden floors and some inflammable material. Encasing must 
be at least 2 in. thick; use of one laver of hollow concrete bricks is also recommended. 
Use of solid bricks is not advisable. Pumice stone is highly recommended. (3) 
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Buildings with highly inflammable material. Columns must be able to withstand 
temperatures of 1800° F. over periods from 5 to 9 hours.—A. E. B. 


Hardening of concrete at later ages. MaximiLiAN Sogser. Zeitschrift Ostr. 
Ing. Arch. Vereins (Austria), Apr. 17, 1931, V. 83, No. 15-16, p. 131.—Preliminary 
tests of subcommittee on concrete hardening showed that concrete made of 660 |b. 
portland cement per cu. yard, with plastic consistency, reaches after 7 days70%, after 
l yr. 133% and after 2 yr. 1374 of its 28 day strength. In case of high early strength 
cement concrete strength after 1 yr. is approximately 127% and after 2 yrs. 131% 
of 28-da strength which is considerably higher than 28-day strength of concrete made 
of normal portland cement.—A. E. B. 

Control in concrete and reinforced concrete construction. OsKAR SCHRE- 
1ER. Zeitschrift Ostr. Ing. Arch. Vereins (Austria), Apr. 17, 1931, V. 83, No. 15-16, p. 
106-9.— Development of construction control in Austria is described. Special con- 
sideration is given to introduction of beam tests by Emperger, control of gradation of 
aggregates, simplified set of sieves, importance of Abrams’ modulus and w/c ratio. 
Effect of heat of mixture of concrete in winter concreting jobs is illustrated. Suitable 
forms are reproduced for testing of cement, aggregates and concrete.—A. E. B. 

The effect of high temperatures (fire) on certain important structural 
elements. Hans GunbaAckKER, LEOPOLD HOFBAUER AND JOsEF Gross. Zeitschrift 
Ostr. Ing. Arch. Vereins (Austria), Apr. 17, 1931, V. 83, No. 15-16, p. 131-41.—In 
experiments of Austrian Society of Engineers and Architects in Vienna on fire 
resistance of concrete, reinforced concrete and other building materials, two experi- 
mental structures were erected and exposed to a temperature of about 1830° F. for 
from 1 to 3 hours. Temperatures in all part of structure were recorded during test 
by means of thermocouples. Reinforced concrete columns were made of varying 
composition and with different reinforcements. Drop in strength of specimens after 
heat treatment is shown in graphs.—-A. E. B. 

The slow deformation of concretes. E. FrReyssinet. Ciment (France), Feb. 
Mar., Apr., 1931, V. 36, No. 2, 3, 4, p. 62-8, 83-5, 135-7.—-Concrete beams of varying 
composition 2 x 4 x 85 in. were made with side arms 20 in. long. These were set 
upright and loaded in flexure under different conditions. For constant temperature 
and humidity the ratio of total deformation to time increases with time following 
an exponential law of several terms which refer to humidity, load and dimensions of 
concrete. Deformation approaches a limit which is true coefficient of elasticity of 
concrete. It increases with compactness. Limit is affected by aggregate size being 
lowest with finer aggregates. At constant humidity shrinkage approaches a limit 
which depends upon humidity. The speed of approach increases with temperature. 
In northwestern France annual shrinkage is about .02% and in southeastern France 
about .04%. Increased load on reinforcing steel must be allowed for more carefully 
than is usually done in designing concrete for exposures where it is apt to become well 
dried out.—F. O. A. 

Durability studies of aggregates and concrete. H. F. GONNERMAN AND G. 
W. Warp. Nat. Sand Gravel Bul., May 1931, p. 13-24.—Results are given of acceler- 
ated sodium sulfate soundness tests and freezing and thawing soundness tests on 58 
samples of fine and 47 samples of coarse aggregates, many of which were suspected 
of containing relatively large amounts of non-durable materials, and of freezing and 
thawing tests on 2-in. mortar cubes made from 24 fine aggregates ranging in quality 
and other characteristics, and freezing and thawing tests on 6-in. conerete cubes 
made from 2 different coarse aggregates each in combination with two different fine 
aggregates. The water content of the mortar and concrete mixes was varied over a 
considerable range to show effect of this important factor. The quality of the pro- 
tecting cement-water paste showed a marked influence on the resistance of the aggre- 
gates to freezing and thawing in mortar and concrete, and is a most important 
factor in durability of mortar or concrete. The grading of fine aggregates had an 
important influence on the behavior of mortar cubes when subjected to freezing and 
thawing. Three or 4 times as many cycles were required to produce equal amounts 
of failure in the individual samples with freezing and thawing as with sodium sulfate. 
When evaluating the results of such tests, consideration must be given to the manner 
of disintegration of particles as well as amount of failure. Materials which appear to 
be least resistant to direct soundness tests are shale, chert, argillaceous limestone 
(water lime) and argillaceous sandstone. At this stage of the investigation it is not 
possible to predict the probable behavior of an aggregate in concrete or mortar solely 
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on its behavior in the sodium sulfate or freezing and thawing soundness tests. It is 
conservative to look with suspicion on materials showing relatively poor results in 
soundness tests until such time as they are proved suitable for use. In fixing limits 
for specification purposes important factors to be considered are quality of concrete 
to be used, type of exposure to which it will be subjected, and manner of failure of 
unsound aggregate material—P. McK. 


ENGINEERING DESIGN 
BRIDGES 


Steel bracing in concrete viaduct for longitudinal forces. Eng. News Record, 
July 9, 1931, V. 107, No. 2, p. 61-62.—A reinforced-concrete viaduct having steel 
diagonal bracing between bents in alternate spans is a curious and conspicuous 
feature of complicated railway grade separation at Canal and 16th streets, Chicago. 
It is to carry joint tracks of Burlington and Chicago and Northwestern railways. 
Viaduct is 1,000 ft. long on 1.44 per cent grade. With such a grade, trains exert con- 
siderable longitudinal effort in downhill direction. Two-post bents are founded on 
cylinder piers sunk 70 ft. to rock but ground in which piers stand is too soft to offer 
material resistance to longitudinal bending. Spans have bents composed of two 
posts and heavy cap or cross girder. Each braced bay has two sets of steel bracing 
consisting of two diagonal angles riveted to top and bottom gusset plates embedded 
in concrete bents. A strut of two angles connects top gussets to resist longitudinal 
thrust and is kept from buckling by a vertical hanger angle at midspan, its lower end 
being attached to intersection of diagonals. On each gusset plate is a frame composed 
of angles that engage concrete in columns and thus form anchors for vertical and 
horizontal components of stress in bracing. Vertical column bars are tied together 
with hooked bars to distribute bracing stresses over entire column area. The slabs 
are in one-span lengths.—D. E. L 

Rigid-frame bridge of 101 ft. span at San Antonio. JoHN Brere TTA. Eng. 
News Record, June 25, 1931, V. 106, No. 26, p. 1048-1049.— Bridge across San Antonio 
River at Martinez St., San Antonio, Texas, is a rigid frame structure of concrete with 
100 ft. clear span between abutments along a 10 deg. skew, producing a Jength of rib 
of 101 ft. 64% in. between abutments. This is thought to be longest single span rigid- 
frame concrete bridge yet built. Overa!l width of bridge is 54 ft. 9in. Roadway is 
supported on six ribs 2 ft. wide and 6 ft. on centers. In design full maximum live 
load stresses plus 30 per cent impact from train of 15-ton trucks headed by 20-ton 
truck was used, assuming total loading carried on any two ribs. Dead load stresses 
amounted to three times live load stresses. Light structure was provided by using 
concrete with 3,000-lb. 28-day compressive strength and adopting rib type construc- 
tion. Unit stresses were 1,200 lb. per sq. in. on concrete in bending and 18,000 !b. 
per sq. in. for reinforcing steel. Allowable unit shear on concrete without reinforce- 
ment was 90 lb. per sq. in. Roadway slab was figured as T-section in parts of rib 
where bending moment was positive. Near abutments where bending moment was 
negative a soffit slab was used as inverted T-section. This soffit slab was extended 
across entire bridge in a thinner section to provide for smooth passage of high water 
and to prevent debris from catching on ribs.—D. E. L. 


BUILDINGS 


Rigid frame bath house. P. Ape.es. Beton Eisen (Germany), May 5, 1931, 
V. 30, Heft 9, p. 161-169.—Amalie Bath-house in Vienna is largest in Europe. Rigid 
frame hall construction is described giving the statical analysis and the final details. 
An inverted V-frame of 50 ft. span with a tie rod at mid-height and with hinged sup- 
ports forms roof. Two four-story frames of one bay width support the ends of this 
V-frame. The swimming pool 110 x 45 ft. is carried on one-story columns, which 
support transverse tank beams forming special frame. The pool is entirely separated 
from the main structure by means of expansion joints.—A. A. B 


MISCELLANEOUS 


Stability of foundation walls cast in the ground. RENE VINARD. Cimeni 
(France), Mar., Apr., May, 1931, V. 36, Nos. 3, 4, 5, p. 97-100, 121-30, 176-9. 
Literature on the subject is critically reviewed. The problem is analy zed ¢ on a basis 
of corstant coefficient of compressibility and numerical examples are given.—F. O. A 
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Amalie Swimming Pool. se Monpo.ro. Beton Eisen (Germany), May 5, 1931, 
V. 30, Heft 9, p. 169-173.—A detailed account of the design and construction of 
swimming pe 01 for Amalie B: ith-house in Vienna. Together with article by P. Abeles 
in the same issue of Beton und Eisen this forms a complete description of structural 
phases of this project.—A. A. B 

Section platforms of precast concrete. Eng. News Record, June 11, 1931, V. 
106, No. 24, p. 966.—New type of floor paving used for platforms and passageways 
of Kinzie St. station of Chicago elevated railways consists of precast concrete slabs 
bolted to steel framing and covered with asphaltic filler and a wearing surface of 
asphalt planks. Design was adopted on account of light weight, permanence and 
low cost of construction and maintenance. Weight is 25 ib. per sq. ft. for slabs, and 
30 lb. including filler or base course and planks. Platforms are designed for a 100-lb. 
live load.—D. E 

Criticism of the new proposed German specifications for + ag con- 
crete. Paut GOELDEL. Zement (Germany), Apr. 9, 16, 1931, V. 20, No. 15, 16, p. 
346-9, 369-72.— Author criticizes unnecessary complications i in saat of new spec ifica- 
tions and omission of other important directions and limitations. Special considera- 
tion is given to: unfavorable loads, load distribution, securing against thrust, slabs 
with main stiffening in one direction, crosswise reinforced slabs and frames.—A. E. B. 

Third report of the committee for reinforced concrete columns. Fritz 
EmpeRGER. Zeitschrift Ostr. Ing. Arch. Vereins (Austria), Apr. 17, 1931, V. 83, No. 
15-16, p. 109-31.—Complete report covers activities of Austrian committee for rein- 
forced concrete columns, with summary of previous work and outlines of experiments. 
Reinforced concrete columns with especially designed longitudinal and spiral rein- 
forcings are studied. Limits of rupture are determined. Behavior of concrete core 

ind concrete layer outside around reinforcings are studied. Effect of high quality 
steel in reinforced concrete columns was especially investigated. Normal portland 
cement was used for above tests. Aggregates consisted of well sand, quartz sand and 
quartz gravel. Steel reinforcings and steel wires were of different quality. Molding 
and concreting of test columns is described and diagrams show kind and arrangement 
of reinforcings. Results of numerous tests are presented in tables and theoretical 
calculations are derived. Further studies include calculation of loads of reinforced 
concrete columns and steel columns with reinforced concrete encasings.—A. E. B. 

New reinforced concrete high silo ‘‘type Ostpreussen’’ for conservation of 
green fodder rich “ albumen. HILDEBRANDT. Zement (Germany), Apr. 23, 
1931, V. 20, No. 17, p. 392-4.—Conservation of green fodder which is rich in albumen 
is of greater cehaanine importance in Germany than it is in the United States. Silo 
with ideal properties for storage of such materials has capacity of about 7000 cu. ft., 
it is 41 ft. high and 14.8 ft. in diameter. Experience in Germany has shown that 
proper conservation is endangered when diameter of silo is greater than 15 ft. Caleu- 
lation of wall sizes and floor is based on full water load. Floor is 13.8 in. thick; thick- 
ness of walls decreases from bottom to top and is about 7.8 in. Interior of walls is 
er pee against action of acids and is absolutely waterproof. Concrete mix is 

5 having plastic consistency. High early strength cement is generally used. Silo 
is " provided with 4 watertight openings for discharge of materials through chute in 
center of structure. Top of silo is closed by heavy steel plate which is also used for 
pressing materials properly.—A. E. B. 


FIELD CONSTRUCTION 

RIDGES 

Longest span girder bridge. Beton Eisen (Germany), June 5, 1931, V. 30, 
Heft 11, p. 204-205.—New three span bridge over the Rio do Peixe in Brazil, with a 
center span of 223 ft. and side spans of 88, and 76 ft. is longest span concrete girder 
bridge in the world. Roadway 1s 25 ft. wide and two girders have a slightly arched 
soffit with overall depth of 51% ft. in center mid-span and 13 ft. over supports. 
The unusual method of erection as a cantilever was adopted. Reinforcement was 
placed in ten foot lengths and splices effected by threaded couplings. Concrete was 
poured in 5-ft. sections. Extremely numerous pouring joints were strengthened by 
means of 44-in. rods. Structure has been in service since October 1930.—A. A. B. 

New bridge over river Danube near Grossmehring (Germany). GROEBL. 
Zement (Germany), March 19, 1931, V. 20, No. 12, p. 271-4.—Bridge is of reinforced 
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concrete girder type and consists of 2 pairs of cantilevered beams each one resting 
on one shore abutment and one river pier. They are connected by center slab. Span 
of beams between abutments and piers is 137.8 ft., span of cantilevered part is 60.7 
ft. and length of center slab is 80.4 ft. This makes a total length of 475.7 ft. which is 
very remarkable for this type of bridge. Abutments and piers were constructed 
in open excavations protected by steel sheet piling. Parallel beams are placed 13.1 
ft. apart. They are 2.3 ft. wide at the ends and 4.3 ft. wide over river piers. Height 
of beams increases from 8.2 ft. at abutments to 17.65 ft. over piers. Roadway, 
which is from 5.1 to 7.1 in. thick and cross-wise reinforced, is 18 ft. wide and provided 
with 2 sidewalks. Description of construction progress is given in details.—A. E. B. 

Channel piers in Suisun Bay placed by unusual methods. C. R. Harpina. 
Concrete, May, 1931, V. 38, No. 5, p. 27-30.—Three of eleven main piers in Suisun 
Bay bridge, San Francisco, were constructed by open cofferdam method. One was 
built at a depth of 58 ft. below high water, using a single row of steel sheet piling. 
The pier is 58 ft. high, with rounded ends on the up- and downstream faces. Shaft 
is reinforced with steel rods which are spliced to bars in foundation block to form 
continuously reinforced concrete pier from bedrock to bridge seat, resistant to earth- 
quake tremors of an assumed intensity, 21 lbs. to each cubic yard of steel being used 
in the entire pier. Eight of the main piers were constructed at water depths of from 
115 to 143 ft. by combination of open dredging and cofferdam construction, in which 
concrete caisson was sunk to bedrock to form foundation block. To facilitate 
sinking through hard strata the bottom of caisson was built of steel plates, and the 
exterior walls made V-shaped to form a cutting edge. This edge was filled with rein- 
forced concrete and used to penetrate softer rock strata and seat foundation block 
of piers firmly in place. Removable steel panel forms for the exterior and steel box 
forms for the dredging wells were erected, and after depositing each 10-ft. lift of 
concrete, they were raised for next lift. By careful alternation of dredging operations 
from one well to another top of caisson was kept nearly level at all times. Alternate 
concreting and sinking of the casson in 10-ft. lifts proceeded on a 3-day cycle.—C. B. 

Three-level grade separation at Chicago. Eng. News Record, April 30, 1931, 
V. 106, No. 18, p. 731-734.—One of most complicated and costly grade separations 
at railway crossings in Chicago is three-level crossing near Canal and 16th Sts. and 
includes a railroad bridge carried above a street bridge, viaduct construction of! 
unusual character, and the shifting of two railroad bascule bridges. Reinforced- 
concrete viaduct is 1000 ft. long. Alternate spans have steel bracing between the 
bents. It is designed for Cooper’s E-75 ioading and carries the double track line of 
the C. B. & Q. and C. & N. W. ona 1.44G grade. Longitudinal resistance to stresses 
set up by trains on the grade is provided by diagonal steel bracing between bents. 
Another viaduct with steel and concrete spans on concrete piers descends to the 
Chicago River bridge. The new bridge carrying Canal street over the low level 
tracks consists of seven steel spans on concrete abutments and steel bents with 
reinforced-concrete deck. The 80-ft. width was built in two longitudinal sections so 
traffic was not interrupted. The parapet wall was poured 48 hr. after the deck so 
subsequent shrinkage of deck would put well in compression.—G. M. 


BUILDINGS 


Placing sand-haydite concrete under strict field control. E. B. Wuire. 
Concrete, June, 1931, V. 38, No. 6, p. 21-22.-Torpedo sand and haydite coarse 
aggregate were used in the concrete for fireproofing and slab construction on the struc- 
tural steel-frame superstructure of the Victor Lawson Memorial Y. M. C. A. building 
at Chicago. Savings of $12,580 and 6,998,000 Ibs. are shown. Designed mix to 
produce 2000-lb. concrete was 1:2.7:3.25, dry and loose, allowance having been made 
for aggregate bulking. A water-cement ratio of 1.01 produced an average slump of 
7\% in. Concrete was mixed for 1 min. 20 sec. at 18 r. p.m. Concreting progressed 
at rate of 2% stories per week after third floor slab had been placed. Three sets ot 
6 by 12-in. cylinders were made each day for testing at 7, 14 and 28 days. The 7 
and 14-day cylinders were used for job control and remained on the job for 6 and 13 
days, respectively, and were then shipped to the concrete laboratory for compression 
tests.—U. 


Difficult structural concrete work placed in Baha’i Temple. R. A. Nortn- 
quist. Concrete, May, 1931, V. 38, No. 5, p. 11-13.—Unusual architectural and 
structural design of Baha’i Temple, Wilmette, Illinois, made concrete form work 
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construction and concrete placing difficult. The work was a maze of curves, angles 
and arches. Window mullions and columns were from 30 to 47 ft. high, and in some 
instances only 4in. wide. Rubber mallets were used to vibrate forms to get maximum 
density and cover reinforcing bars. Proportion of coarse aggregate was reduced to 
increase workability for structural members of thin section. Mix was designed for 
a minimum strength of 2,500 Ibs. per sq. in., taking into consideration strength of 
cement and amount of water. Fineness modulus of sand varied from 2.7 to 3.15, and 
fineness modulus of stone from 7.3 to 7.5. A slump of 71% in. was used on thin sec- 
tions and 5 in. on other portion of work. Average 28-day compression test result was 
2,900 lb. per sq. in.; average 7-day compression test result was 1,500 lb. Mixing time 
was 114 min. per batch. Concreting was discontinued when weather reports indi- 
cated probability of temperatures below 20° F. Test cylinders made daily, one for 
7 days (job control) and one for 28 days (standard), were later sent to laboratories for 
proper curing and testing.—C. B. 


DAMS 


Cofferdam and stream control at Jordan dam, Alabama. Lee WaARrRREN. 
Eng. News Record, May 14, 1931, V. 106, No. 20, p. 804-808.—Construction problems 
of Jordan Dam, except those common to every large isolated project, centered in 
the devices for river control—based upon two cofferdam closures. Cofferdam 1 was 
erected on a 225-ft. stretch of longitudinal concrete footings. Timber cribs were 
fastened to them by nailing to a wood strip in the concrete. Concrete was mixed 
in two 4-yd. electric mixers at a central plant and hauled to the forms in hoppers on 
flat cars. Hoppers were frequently emptied directly from the cars by chuting. The 
spillways were poured in blocks at least 30 ft. wide provided with asphalt-coated 
keyways. Power house and headworks were concreted in 22 pours. The concrete 
was poured on a 10° slope with the low end at the upstream face. Ata point 5% ft. 
below the upstream face the joints were sealed by filling a shaft with hot pitch. 


G. M. 


Anchors for gravity dams. Zement (Germany), Apr. 23, 1931, V. 20, No. 17, p. 
399-400. Method is suggested for reinforcing gravity dams by ‘relativ ely simple 
means when dam is subjected to increased loads. Long holes are drilled from crown 
of dam to its foundation and anchors are concreted into solid rock bed. Other end 
of anchors is tightened at crest of dam thus furnishing structure with additional 


bearing ¢ a city. Changes of location of stresses in interior are illustrated in graphs. 
A. E. B. 


rei and construction of two new reclamation dams. Eng. News Re- 
ccrd, June 18, 1931, V. 106, No. 25, p. 998-1002.—Gibson Dam, a concrete arch struc- 
ture on the north fork of Sun River in Montana, and Echo Dam of earth fill construc- 
tion in Utah, although of moderate size, both present special features of interest. 
Gibson Dam is 195 ft. high, with crest length of 960 ft., and will impound 90,000 
acre ft. of water. Provision is made for measuring uplift pressure at base and within 
concrete, variation in loads and temperature at various points, and radial deflection 
due to changes in concrete temperature and water load. Concrete was made in two 
2-yd. mixe re and delivered in bottom dump cars to 4-yd. hoppers feeding 1-yd. 
buckets in 2 steel hoisting towers 280 ft. high, from which it w: as dist ributed by chutes 
ending in vertical drop pipes. The mix was | part cement, 2 parts sand, 1.7 parts 
pea gravel, 2.2 parts coarse gravel, and 3 parts cobbles. The water-cement ratio 
varied from 0.9 to 1.1 with moisture content of aggregate. The 28-day strength 
varied from 1700 to over 4000 with average of 2940 lb. per sq. in. Special precautions 
were taken to prevent freezing of concrete during cold weather.—G. M 


MISCELLANEOUS 


Station “ne of precast concrete. Eng. News Record, June 11, 1931, 
106, No. 24, p. 966.—New type of floor used for the platforms and ee in 
the Kinzie ‘ef station of the Chicago elevated railway consists of precast concrete 
slabs bolted to the steel framing and covered with asphaltic filler and a wearing sur- 
face of asphalt blocks. The slabs weigh 25 lb. per sq. ft., and the total floor 30 Ib. 
per sq. ft. for a design live load of 100 Ib. per sq. ft.—G. M 


Time study of a iene mixer. A. E. Kino. Rds. and Rd. Constr. (England), 
May. 1, 1931, V. 9, No. 101, 149.—A detailed analysis of times spent on various 
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operations apne with concrete mixing, is followed by suggested improvements 
described.—J. 


Elevated ae allow rapid unloading of material to concrete plant. 
Pit and Quarry, July 15, 1931, V. 22, No. 8, p. 49-50.-—Plant of Atlanta Aggregates 
Co., Atlanta, Ga. , includes large bins for sand, gravel, slag, crushed stone and cement, 
a l-cu. yd. mixer, measuring and weighing hoppers, batchmeter, and measuring water 
tank. Concrete is delivered in eight open-body trucks.—A. J. H 


Buenos Aires subway 4.6 miles long built in 20 months. Eng. News Record, 
June 4, 1931, V. 106, No. 23, p. 923-926.—<A speed record for subway construction was 
established when American engineers and contractors built first section of the Lacroze 
line, 4.6 miles long, in 20 months. About half of the project was in open cut and the 
remainder in tunnel. Open-cut portion is of standard double-track, steel-bent, box 
construction, three columns per bent, with reinforced-concrete jack arches in roof 
and outside walls. Steel bents, placed 6 ft. on centers, rest on three rows of contin- 
uous concrete footings, with concrete cross-struts every third bent. Tunnels are 
two single-track arch sections, lined with reinforced concrete, with a common center 
wall between tracks. In dry ground walls rest on three longitudinal spread footings 
with concrete cross-struts on 18-ft. centers. In wet ground a reinforced-concrete 
slab is used. Concrete was mixed in central plant and hauled to forms by 3 or 4-cu. vd. 
dump trucks, except where the possibility of traffic delay necessitated use of small 
portable mixers. A total of 130,000 cu. m. of concrete was used. The cement was 
shipped from England and aggregate from Uruguay.—G. M. 


Protecting steel pipe line with thin concrete covering. Eng. News Record, 
May 14, 1931, V. 106, No. 20, p. 817.—With a view towards cost reduction and learn- 
ing more practical methods of application of concrete to pipes to prevent soil corrosion, 
the Portland Cement Assoc iation conducted experiments, and mixture consisting of 
1 part cement, 1)4 parts 0-14 sand, and 3 parts 4-%¢ gravel with 4%4 gal. water per 
bag of cement proved quite satisfac tory when applied in a 14 in. layer to 85¢-in. 
pipe. Welded wire reinforcement 2 in. by 6 in., No. 12 gage was placed midway 
between pipe and form. A 1:1.35:2.27 mix with the same water-cement ratio was 
also satislacter’. Experiments were made to determine the resistance of the covering 
to possible increase of pipe size due to internal pressure. On two sections of test pipe 
the covering was applied directly, while on the other two the pipe was first coated with 
a thin asphaltic emulsion. One section of each of the two groups was reinforced with 
2 in. by 6 in. welded No. 12 mesh. After 14 days moist curing, a repeated internal 
pressure of 1000 Ib. per sq. in. developed a hair crack in unreinforced section of cover- 
ing which was applied directly. Other sections were unaffected. Coverings should 
be at least 1 in. thick, reinforced with mesh as used in test.—G. M. 


Photoelectric cell finds application in ready mix concrete plant. FE. |. 
Patron. Rock Products, April 11, 1931, V. 34, No. 8, p. 92.—System for controlling 
weights of materials going into ready-mix concrete uses photoe lectric cells. These are 
built into dial scales so that pointer of a scale swings between a cell anda lamp. As 
the pointer cuts light from the cell, a relay instantly stops flow from conveyor that 
has been filling hopper with cement or aggregate and it similarly cuts off water.—E. 8. 


Wrecking concrete mill buildings. Bortscu. Beton Eisen (Germany), June 
20, 1931, V. 30, Heft 12, p. 219-221.— Wrecking of Briinn Machine Co. plant included 
tearing down six concrete structures, mostly of two story mill type. The slabs were 
removed by pneumatic tools and torches and longitudinal girders severed. Frames 
were then pulled down after vertical steel on one side of columns had been cut at 
ground level. Later dynamite was used to save time. Sections supported by four to 
six columns were blown down as a unit. Columns in the direction of fall received a 
charge in some cases eight times as strong as others. Rods pulled out by the explosions 
were practically clean of concrete. The lack of shearing resistance in torsion was 
brought out during the operation. The wrecking costs amounted to about 10% of 
original costs of structures.—A. A. 


Development of shore protection. Contract J. (England), Apr. 15, 1931, V. 
104, No. 2705, p. 1182.—Greatest deterioration in exposed concrete comes from pene- 
tration of moisture to interior of mass, whether agent is physical, as in the case of 
frost action on entrained water, or through deposition, near surface, of dissolved salts 
as mg oo is brought to surface and evaporated. Watertightness determines therefore, 


to a large extent the durability of concrete for shore protection structures, and this is 
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best achieved by making the portland cement and water paste as strong and water- 
tight as possible. Amount of water used must be sufficient to float particles. Best 
results are obtained by using correct w/c ratio, due allowance being made for the 
water cont: ined in the aggregates. Sufficient curing time should be allowed—from 
10 to 14 days. Uniform density throughout is essential, and to achieve this, segre- 
gation of m: iterials must be avoided. Reinforcing bars should be given a cover of 2 in. 
in precast sections and 3 in. for in situ work, to prevent spalling of concrete.—J. E. . 


Concrete barges. H. Lance. Beton Eisen (Germany), May 20, 1931, V. 30, 
Heft 10, p. 182-183.—In September 1926, during the construction of the naval docks 
in Rio de Janeiro, two construction barges 32 x 20 x 8 ft. and one year later two more 
26 x 16x 5 ft. were built of reinforced concrete. A 1:2.9 mix with a triple coating of 
Inertol on the exterior surfaces (in the later barges the interior was also coated) 
yielded waterproof results. Cross-frames divided shell of boat, consisting of 4-in. 
slab, into panels about 6x8 ft. Generous use of guard timbers protects concrete 
against shocks and chafing. Boats have proved very satisfactory. Up to May 1930 
only one had been pulled into dry dock to replace timbers destroyed by borers. A 
6-in. incrustation was found on submerged portions but concrete and waterproof 
coating were in excellent condition.—A. A. B 

Construction methods fit problems on large generating plant. CHARLES 
C. Moopy. Concrete, May 1931, V. 38, No. 5, p. 17-19.—In construction of electric 
generating plant in Indiana, on made land on the shore of Lake Michigan 20,000 cu. 
vd. of concrete were to be deposited over area of approximately 80,000 sq. ft. Con- 
creting plant consisted primarily of 1-yd. batch mixer, an inundator, and steel hopper 
for aggregate, which loaded mixer, in batches, by gravity. The mixer was blocked 
off the ground to enable the three-wheeled buggies to stand directly under the discharge 
chute. They held one mixer load of concrete. Cement was carried from storage shed 
to mixing plant by belt conveyor, run by mixer motor. Aggregate hopper was loaded 
directly from cars or storage piles by crane and clamshell bucket. Entire job was 
laid out for a system of runways 12 ft. wide, for gasoline-driven buggies in conveying 
concrete. Runways were so laid that dump buggies could fill any form, or series of 
forms, by gravity.—C. B. 

Contractor develops large business in concrete tennis courts. L. A: 
Curing. Concrete, June, 1931, V. 38, No. 6, p. 31-32.—Concrete slab may be stained 
by special chemical process, or mineral coloring pigment may be incorporated into 
concrete in upper layer of slab. Surface texture, made with a special steel trowel and 
a rotary finish produces a true finish and a playing surface free from unevenness.- 
C. B. 

Kolinski ready-mixed concrete plant equipped to save labor. Concrete, 
June, 1931, V. 38, No. 6, p. 11-13.—Kolinski Ready-Mixed Concrete Co. plant is 
served direct by rail, by motor truck, or by water transportation. Large chart shows 
operator exact weights of quantities of material required for 3-yd. batch of concrete. 
A 36-in. dial is marked for weighing up to 13,000 lb. Also within reach of operator are 
controls for electric water meter which regulates quantity of water by volume, and 
also checks quantity by weight, within 14 lb. Lone operator is able to weigh ail 
materials for a 3-vd. batch and to charge the mixer in less than 1 min. Actual mixing 
of a batch is continued for two mins. Special features include air cushion chamber 
hooked up with water supply line to absorb shock when flow of water at mixing plant 
is cut off. Trucks with agitator bodies for delive ring concrete can be used for hauling 
bulk material without removal of agitating mechanism.—C. B. 


von Ne 6'> cost of concrete work. Lesiie H. ALLEN. Concrete, June, 1931, 

. 38, No. 6, p. 14-16.— Well-organized contracting firm keeps record of unit costs, 
in dollars a “aeaites: of its work and when labor rates change, estimator adds or 
deducts from these costs a percentage to bring his figures into line for estimating new 
work, to indicate how the prices should be estimated and what the cost ratio between 
different parts of a building should be. For concrete work, it is best to estimate all 
concrete itself following with forms, reinforcement, finish, and so on. Length, 
breadth and height should be kept in the same order throughout job. To avoid excess 
measurement, at intersection of slabs, columns and beams, without wasting time in 
measuring very small items, four useful rules are given. Labor cost of a cu. vd. of 
concrete includes the receiving and unloading of materials, charging mixer, hoisting 
concrete, and placing and spading in forms. A guide to average concreting costs of 








: 
. 
: 
| 
: 
’ 
; 
: 


20 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


various units is given, table of quantities to be figured for cement, sand and gravel 
per cu. yd. of concrete, as well as summary of.cost per cu. yd. of 1:2:4 concrete.—C. B. 


Use standardized metal forms for concrete foundation walls. B. E. Wivts- 
CHECK. Concrete, June, 1931, V. 38, No. 6, p. 18-20.—The construction of heavy con- 
crete foundation walis and wall pilasters in the new Morgandale High School building 
in Milwaukee supplies a typical instance of the use of standardized metal forms in 
such work. Practice was to remove and reset forms from day to day. Form material 
required in foundation wall construction is amount needed for two days’ run, for 
straight wall work. Regular units are 24 in. square, made of sheet metal riveted on a 
stiffening frame of small angles. Fractional units are made to provide an exact fit to 
nearest inch. Fractionals may be clamped either to top or sides of regular 24 by 
24-in. size. Every unit has two clamps riveted to the stiffening angle along one edge. 
Special devices are used in outside and inside corners.—C. B. 


Details of movable forms and their operation. Ricuarp T. McKay. Con- 
crete, May, 1931, V. 38, No. 5, p. 33-36.—On carpenter’s platform 2 circles are made 
to diameter of inside and outside of tank walls. Two segments are laid around their 
respective circles, 3 layers of segments in each circle, and are spiked together. Rings 
of segments completed, they are moved from platform and supported on horses while 
staves are nailed to them. The 2 by 4-in. bridging is then placed against staves and 
between top and bottom rings of segments. Forms are then moved onto foundation 
slab and yokes, containing jacks and decking, are put into place. Jack screw proper, 
with the clutch attached, has bore large enough to allow 1-in. plain round jacking rod 
to be dropped through it. Concrete placed in the form before initial jacking up of 
the job is started provides lateral stiffness for the jacking rods. Moving of jack 
screws is performed one at a time. Concreting is continued, barring accidents, 24 
hours a day until the top is reached.—C. B. 


Reinforced concrete for under-water tunnel construction. The con- 
struction of the Oakland tunnel in the United States. H. GrigseL. Zement 
(Germany), Apr. 2, 9, 1931, V. 20, No. 14, 15, p. 325-8, 350-1.—Construction of under- 
water tunnels for handling modern traffic is in general more economic than bridge con- 
struction when traffic of large ships necessitates high bridge structures with expensive 
foundations and long approaches. Tunnels are usually shorter than bridges with long 
spans. Bridge approaches are often a hindrance for land traffic along shores. Geologi- 
cal underground conditions have to be considered. Such questions are illustrated by 
description of Oakland tunnel in San Franciseo, Cal. (cf. Eng. News Rec., Oct. 28, 
1926, p. 692.). Design, foundations, casting of concrete sections, placing and joining 
are described as well as ventilation of finished structure.—A. E. I 


Birmingham ready-mixed concrete plant in eighth year of operation. 
Mart. F. Bersper. Pit and Quarry, June 3, 1931, V. 22, No. 5, p. 49-52.—Sloss- 
Sheffield Steel & Iron Co. was a pioneer in producing ready-mixed commercial con- 
crete, its first plant being built in 1924. Segregation during delivery of aggregates 
in early concrete produced led to experiments with various proportions of closely- 
graded coarse and fine slag aggregates. Experiments led to use of sand mixture in 
which 55 to 70% passed a 34-in. mesh. With this mixture a concrete of a 6-in. slump 
could be hauled four to five miles without appreciable segregation, or if of a 3-in. 
slump, it could be hauled up to 30 miles in open bathtub-type trucks. The present 
plant’s capacity is 1,500 cu. yd. per ten-hour day. Two types of concrete are made 
one with puzzuolan, the other with standard portland cement. Both bulk and sacked 
cement are used. Bins in top of the mixing plant are for various grades of coarse 
aggregate and sand mixtures to supply three tilting-type mixers. Mixed concrete is 
delivered in purchasers’ open-body trucks. Local street car company hauls concrete 
in its own cars on trackage extended beneath two of mixers.—A. J. H 


Concrete-mixing plants in New York employ thirty-one delivery trucks. 
Pit and Quarry June 3, 1931, V. 22, No. 5, p. 62.—Smith St. or No. 1 plant in metro- 
politan area owned by the Central Concrete Mixing Corp. has a capacity of 1,000 


cu. yd. perday. Bulk cement is received, on a special float, and is pumped through 
about 250 ft. of underground line and up 75 ft. into bins having capacity of 4,500 bbl. 
Operating bin above mixing station is filled from these first bins by a screw conveyor 
and a bucket elevator. A four-compartment, 300-cu. yd. aggregate bin, also above 
the mixer, is kept filled by a 2-cu. vd. crane. The 3-cu. yd. mixer is revolved for 15 
min. per batch. Morgan Ave. or No. 2 plant, somewhat similar to the No. | plant, has 
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provisions for preparing dry mixes of trucks. Ten of the delivery trucks have 5-cu. yd. 
dump-type mixer bodies, ten have 3-cu. yd. mixer bodies with high lifts, and 
eleven have cylinder-type bodies.—A. J. H 


Small and compact sewage-works for Aurora, Colo. Jay W. McCu.ioveu. 
Eng. News Record, April 30, 1931, V. 106, No. 18, p. 742.—Recently built sewage 
works of Aurora, Colo. include grit chamber, settling tank, sludge-digestion tank, 
sludge-drying bed, effluent aerator, and chlorinator. The concrete of chamber and 
tanks was designed to give a watertight job. No so-called waterproofing compounds 
were added, dependence being placed on carefully graded aggregate, ordinary cement, 
clean water carefully regulated in amount, thorough mixing, and careful placing and 
curing. Seven sacks of cement were used per cu. yd. of concrete. The 28-day 
strength was 5000 lb. per sq. in.—G. M 

Culverts. Contract J. (England), Apr. 22, V. 104, No. 2706, p. 1264.—Location 
and size of a culvert or bridge through a road bed are important. After side and 
outlet ditches are constructed weak spots in grade due to confined water may be 
found. These can be improved by installing a short string of tile or trench filled with 
coarse stone from hole to ditch or a string of field tile down the shoulder or down 
center of road for some distance and then carrying it to an outlet in ditch. Ends of 
these drains should be completed with metal pipes or tile encased in concrete to 
withstand frost. Foundation design must be based on the assumption that traffic 
weight and impact from moving loads are all ultimately transmitted to the primary 
supporting medium for all the loads. Experiment proves that tile drains do not pre- 
vent the drawing up of water by capillary action and that we internal drainage 
of soils determines beneficial effect of placing subdrains.—J. E. 


Louisville ready-mixed concrete plant jenatianed, vit permanence. 
Mart F. Bersser. Pit and Quarry, May 6, 1931, V. 22, No. 3, p. 58-62.—American 
Builders Supply Co. has a new plant on a whi arf along the Ohio River comprising 
aggregate and cement storages, batching equipment, a 3-cu. yd. mixer, and a fleet 
of agitator-type delivery trucks. Aggregates rec eived by trucks are conveyed and 
elevated to the top of the bin building. Cement-storage building is hexagonal and 
contains a six-compartment bin. The 3-cu. yd. batching hopper has a 4-beam scale 
with a telltale dial. Water for mixing is weighed in a cylindrical tank on a platform 
scale of 1,000-Ib. capacity. The mixer is driven by a 50-h. p. motor.—A a 


Producing aggregates and concrete for the Beauharnois power Project. 
W.E. Traurrer. Pit and Quarry, May 20, 1931, V. 22, No. 4, p. 36-40, 44.—About 
1,250,000 cu. yd. of rock must be exe avated in Beauh: irnois project and about 380,000 
cu. yd. of concrete must be placed. Both coarse and fine aggregates are prepared from 
blasted limestone and sandstone at cost lower than they could be purchased and 
delivered. Primary crusher is a 48-in. by 60-in. jaw, and secondary crusher is a 
20-in. gyratory. Plant is so arranged that carloads of rock may be dumped directly 
to gvratory crusher w he never desired. Good concrete sand was not economically 
available so a set of 54-in. by 20-in. sand rolls prepares the fine aggregates from the 
discharge of the secondary crusher. Cement received in bulk is unloaded by hand. 
Aggregates and cement feed through a weigh-mix apparatus to two 2-cu. yd. tilting- 


tvpe mixers. Mixed concrete is discharged to bottom-dump buckets mounted on 
flat-cars.—A. J. H 


Roaps AND PAVEMENTS 


Tandem pavers mix 74 one-minute batches an hour. Emory D. Rorerts. 
Eng. News Record, May 14, 1931, V. 106, No. 20, p. 808-809.—Using 2 pavers hitched 
tandem, an hourly output of 189.2 ft. of 20-ft., 9-6-9-in. concrete pavement was main- 
tained for 5 hours on a road contract in northern Illinois. As high as 80 full one-minute 
batches an hour have been produced by assembling the materials in the first paver for 
a mix of 28 sec., discharging the partly-mixed batch to the second paver for the 
remaining 32 sec., and then discharging the concrete into the boom bucket for dis- 
tribution. The crew consisted of 21 men.—G. M. 

Concrete Road Construction. Contract J. (England), Apr. 29, 1931, V. 104, No. 
2707, p. 1352.—In an account of some recent findings by the British Portland Cement 
Association, increased confidence in concrete for roads is traced through reports of 
Seville Congress of 1923, Milan Congress of 1926 and Washington Congress of 1930. 
In a summary of the latest findings, numerous conclusions include: Use of rapid 
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hardening cement makes possible opening of roads after 3 or 4 days. Cement con- 
crete is suitable for concrete base courses, for pavements and for cement bound 
macadam. Cement concrete pavements, protected by suitable wearing surfaces are 
satisfactory for all types of traffic. For steel tired traffic two course pavements are 
recommended, with very hard aggregate in top course. With cement bound macadam 
roads, a protective wearing coat is recommended, although English engineers entirely 
disagree with this finding. Cement concrete bases for elaborate brick or block sur- 
faces require to be designed for full loads as these surfaces have no structural strength. 
Competent engineering supervision of design, construction and maintenance are 
essential. Research on the subject of joints and cracks in roads is recommended. 
J. E. A. 

Concrete road construction. Contract J. (England), May 13, 1931, V. 104, 
No. 2709, p. 1517.—-Scientific design of concrete mixes and weight proportioning of 
aggregates represent the most modern practice as these lead to homogeneous con- 
crete. Thorough curing is essential. Owing to temperature differences between top 
and underside of concrete slabs, slight curling is observed, parts of the slabs being 
at times unsupported. Direct expansion should be allowed for, and a layer of ashes 
under concrete (unless subsoil is sand) will allow of free sliding. Efficient drainage, 
well in advance of laying, is recommended, particularly in clay subsoils. To avoid 
-antilever effects from point loads, slab may be extended 18 in. or 2 ft. wider on each 
side than actual running surface. Reinforcement should be provided to carry the 
specified loads over an area consistent with bearing value of soil. To limit amount 
of curling construction of slab in longitudinal strips about 10 ft. wide, has been 
adopted. Longitudinal expansion joints are not necessary except at the curbs, to 
avoid transmission of road vibrations to adjacent buildings. Transverse expansion 
joints should be in line.—J. E. A. ; 

Controlling quality of concrete for state highway work. Concrete, May, 
1931, V. 38, No. 5, p. 14-16.—Use of two sizes of coarse aggregate is on the increase; 
proportioning by weight is practically universal practice; field inspection and contro! 
of mixtures are maintained at a high standard, and beam and core tests are regarded 
as having the greatest value. Large number of states report use of two sizes of coarse 
aggregates to improve grading and to obtain a correspondingly greater density in 
concrete. Proportioning of materials by weight is almost universal, since 23 out of 26 
states reporting employ this method. A very large majority of highway engineers 
favor modulus of rupture tests on 6 by 6 by 42-in. beams, rather than compression 
tests on 6 by 12-in. cylinders. There is almost complete agreement that core tests 
are both necessary and desirable.—C. B. 

Concrete roads. Contract J. (England), April 15, 1931, V. 104, No. 2705, p 
1183.—In addition to usual precautions in designing and constructing a concrete 
road, need for providing a plentiful water supply is emphasized. A good supply may 
sometimes be obtained by damming up near the road. Use of calcium chloride, 2 to 
6% by weight of cement, during the last few days of pouring will enable road to be 
opened several days earlier than would otherwise be possible.—J. E. A. 

How bulk cement is handled in highway paving work. Concrele, June, 1931, 
V. 38, No. 6, p. 27-28.-The increasing use of bulk cement in concrete highway con- 
struction practice is indicated in reports from state highway departments. Of 26, 
11 have had satisfactory experience with its use. Various methods were employed 
for handling and weighing. In some instances it was handled directly from car into 
proportioning bins and then to trucks. It was also handled from the cars to carts, 
the carts were weighed on platform scales, and the contents then deposited into 
trucks. Generally, an ordinary concrete buggy which was passed over a set of plat- 
form scale is used.—C. B. 

SHop MANUFACTURE 

Loads on concrete masonry. W. D. M. ALLAN. Concrete Products, May, 1931, 
V. 40, No. 5, p. 24-25.-By means of tables and a chart calculation of loads on con- 
crete masonry walls in building construction has been simplified with a view to 
bringing it within ready understanding of salesman who is figuring on this kind of 
work.—-E. 8. H 

Concrete products gaining foothold in Muskegon, Michigan. Rorert H 
Moore. Concrete Products, June, 1931, V. 40, No. 6, p. 10-20.—Muskegon once 
known as “Lumber Queen of the World” has made quite rapid progress in use of 
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concrete products, especially of building units for back-up. Muskegon now has nine 
concrete products plants, all manufacturing building units. Although there are 
large deposits of sand and gravel near-by some of the larger products plants are using 
Haydite, Pottsco and other lightwe ight aggregates. Specialties such as catch- 
basins and cesspool blocks are made by some companies.—E. 8. H 


Straight-line production increases efficiency of concrete products plant. 
Concrete Products, June, 1931, V. 40, No. 6, p. 7-9.—Plant of the Marbelite Corp. of 
America, Ltd., Los Angeles, Calif., has well arranged production line. Plant special- 
izes in concrete lighting standards manufactured by centrifugal process and is 
described from introduction of raw materials through plant to delivery of products. 
Illustration shows one of 301 specially designed lighting standards recently made for 
the lighting system of Ventura Boulevard running out from Los Angeles.—E. 8. H. 

Concrete burial vaults and their finishes. E. Granr Lantz. — Concrets 
Products, June, 1931, V. 40, No. 6, p. 24-25.—Portland cement paint combines most 
efficiently the desirable qualities of wide color range, ease of application and economy, 
portland cement paint being one composed of portland cement and water with only 
small quantities of inert fillers, such as marble dust, powdered waterproofers and 
accelerators. White oil paints have been widely used by burial vault manufacturers, 
the difference in their application being that it is necessary to allow vault to dry 
thoroughly after moist curing period. Metal spray is recognized as a satisfactory 
finish for burial vaults, using compressed air to spray molten metal for this purpose 
It is recommended that concrete be cast with a rough surface or be sandblasted before 
metal is sprayed on. Cost for : applying lead or aluminum or copper to a flat surface 
such as a burial vault would be 15 to 20¢ per sq. ft. There should be a definite place 
in burial vault field for use of low relief designs on the molds to relieve the plain 
surfaces.—E. 8S. H 

Phoenix, Arizona, is a concrete products city. Concrete Products, July, 1931, 
V. 40, No. 7, p. 5-7.—Phoenix is well located for the satisfactory use of concrete 
products in th: it it has good deposits of sand and gravel, whereas clay deposits are 
not of a high quality as compared with other localities. This and other reasons have 
served to increase quite rapidly the use of concrete products during past eight years. 
City is drawing up new building code at present time which it is expected will give 
concrete products an equal standing with other materials.—E. 8. H. 


Phoenix, Arizonia, is a cement products city. Rock Products, June 6, 1931, 

34, No. 12, p. 93-95.— It is estimated that 20 per cent of all construction in Phoenix, 
Ane is of nh rete masonry. Two companies make most of the units using hand 
tamping machines for brick and tile. Tile have satisfactory handhold on center 
partition. Cement Products, Inc., produces 5,000 tile or 25, 000 brick per day. Shope 
Brick Co., specializes in colored face brick. Concrete pipe is made by Arizona Con- 
crete Co., up to 24 in. dia. by power tamping machines. Expand: ible metal forms 
are used. Phoenix Concrete Pipe Co., uses packer head type of machines for pipe 
from 6 in. to 16 in. Larger sizes are m: ade by hand. Pac ker head type of machine is 
also in use at Southwestern Cement Pipe Co.’s plant. Pipe have been made up to 
36 in.—E. S. 

Concrete pipe in Kansas City, Mo. Devette Tuatcner. Rock Products, 
June 20, 1931, V. 34, No. 13, p. 91-92.—-Larger part of output of Kansas City Con- 
crete Pipe Co., is 4 to 24-in. dia. pipe in 3 ft. lengths, made by machines. Fifteen 
to 24-in. pipe is made extra heavy for deep fills and culverts. Packer head type of 
machine used for this casts ribs on outer surface to give increased strength. Materials 
are brought into plant by railway cars and sent to mixer by belt conveyor. Mixer 
dumps to elevator of pipe machine from whence operation is automatic. The mix 
is 1:2:1 portland cement, clean sand and crushed limestone. Measurement is in bin 
hoppe rs. Curing room equipment provides a mist in steam laden atmosphere. 
Reinforcing is cold rolled steel wire bent in a machine and spot welded by machine. 
Concrete exceeds 5,000-Ib. crushing strength with 4 per cent or less absorption. One 
contract was for 4, 000 ft. of 108-in. dia. conerete pipe, said to be the largest concrete 
pipe yet laid in the United States.—E. S. 

Concrete piles made for pier. Concrete Products, May, 1931, V. 40, No. 5, p. 
26-27.—Piles for exte nsion of pierat Huntington Beach, Calif., were spun by centrifugal 
process. The piles were 60 ft. long, 16 in. in diameter and each reinforced with eig ght 
7¢-in. square bars longitudinally. Bars were enclosed in a spiral cage of 44 in. gal- 
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vanized wire wound on a 2}4-in. pitch. Outside diameter of the cage is 12 in. leaving 
a cover of 2 in. of concrete over the spiral winding. Spinning machine consisted of a 
heavily trussed steel frame carrying nine sets of rollers on which the mold could be 
revolved. Frame was pivoted in center ang capable of being tilted at an angle of 
6 degrees while mold was being filled.—E. S. H. 


What’s new in concrete products. W. D. M. Attan. Concrete Products, 
April, 1931, V. 40, No. 4, p. 20-25.—A review includes various new products recently 
developed to extend use of concrete including precast floor joists, floor filler units for 
tile and joist construction, and partition and back-up units. A number of designs 
of ae] =" units are described, made with different types of light weight aggregates. 


Consider the chain system. G. B. ArtHUR. Concrete Products, May, 1931, V. 
40, No. 5, p. 16-21.—A chain of concrete products plants could be developed in a 
given locality to serve the locality as well as the owner to better advantage than one 
large plant. Each unit would be kept in more continual operation than could a large 
plant because it could move from place to place with changing demand.—E. 8S. H. 


Stone-plant screenings earn profit in manufacture of concrete units 
M. F. BeissBer. Pit and Quarry, May 20, 1931, V. 22, No. 4, p. 45-46, 59.—The 
Caldwell Stone Co., Danville, Ky., produces 300 tons of graded stone daily with one 
man to operate quarry shovel and quarry truck and another man to run plant. Three 
other men operate a small block plant which utilizes screenings, making faced blocks, 
plain blocks, and two sizes of hollow tiles. Blocks are 8 in. by 8 in. by 16 in. Tiles 
are 5 in. by 8 in. by 12 in., and 5 in. by 4 in. by 12 in. The chief machine has a 
capacity of three blocks per minute. A batch comprises 1,600 lb. of screenings and 
cement. One sack of cement produces eighteen blocks. Two steam curing rooms are 
built of blocks.—A. J. H. 


Profitable manufacture of concrete building units. Frep A. Sacer. Con- 
crete, May, 1931, V. 38, No. 5, p. 20-23, June, No. 6, p. 28-30.—To determine cost of 
material handling, equipment expense and resulting overhead charges, such as 
interest, depreciation, and maintenance must be fixed. In considering direct operating 
cost of unloading cars with elevator equipment, it is assumed that materials are re- 
ceived in dump cars and flow by gravity into receiving hopper. They are then de- 
livered by feeder to the bucket elevator, and discharged into the storage bins. Using 
as example one layout providing for placing of raw materials in storage by hand, 
cost of facilities is determined. For the purpose of developing variations in costs of 
storage and handling materials that will occur with varying annual output, a table 
is given, in first section of which estimated variation in depreciation and maintenance 
costs are shown for case of elevating equipment with bins on ground. Final figures 
are plotted in chart form. Same methods used in analyzing cost of handling aggregate 
apply to cement and fuel. Brief reference to possible methods of handling and 
approximate costs are given. Cement may be received by truck from local dealer. 
Price covers material delivered at point of use alongside mixer. In case it is received 
by carload expense of unloading is to be considered. Comparison of costs of methods 
of unloading cement from cars to storage indicate mechanical equipment would be 
economical if volume were large enough. As use of mechanical equipment nears its 
economical limit, simple means of saving labor should be considered. Equipment 
suggested for handling cement includes inclined runway suitable for operation of 
flat deck truck. Truck can be taken into the car, loaded directly, drawn by hand to 
bottom of incline, up which it is drawn by cable, then by hand to storage pile.—C. B. 
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MATERIALS 
ADMIXTURES 


Concrete waterproofing agents. ‘‘Betondichtungsmittel.’’ 1931, editor: 
Der Baukurier, Berlin-Charlottenburg, Germany, R. M. 1.80, Reviewed in Zement 
(Germany), July 2, 1931, V. 20, No. 27, p. 638.—Book lists all products on market 
for protection of concrete: admixtures, waterproofing agents and protective coatings. 
Properties and applications of these products are discussed and criticized.—A. E. B. 

Effect of several admixtures on the mechanical properties of portland 
cement. P. P. Bupnikorr anp M. I. Nexritscu. Zement (Germany), July 23, 
1931, V. 20, No. 30, p. 694-6.—Experiments were made to improve quality and re- 
duce costs of portland cement by adding foreign materials, such as fluorspar, phos- 
phorite, superphosphate, ignited and unignited gypsum waste and clay burned at 
different temperatures. Admixtures were dried and ground to fineness of cement and 
mixed with latter in amounts from 0.1 to 5%. Regular compressive and tensile 
strength tests showed that fluorspar improves strength of cement when small quan- 
tities are added. Other admixtures had no noticeable effect on strength of cement. 
(ef. Zement (Germany), Feb. 26, 1931, V. 20, No. 9, p. 192-3; Journat A. C. L., 
June, 1931, V. 2, No. 10, Abstracts, p. 273).—A. E. B. 

The effect of loam and clay impurities in the aggregates upon the quality 
of concrete. G. Katuretn. Zement (Germany), July 16-23-30, 1931, V. 20, No. 29- 
30-31, p. 679-81, 702-5, 724-8.—Experiments with test specimens of same consistency 
revealed: (1) Effect of loam and clay depends on kind and distribution of impurities. 
Their amount alone is not reliable measurement for valuation. (2) Presence of loam 
and clay as a moist soft coating around gravel is more dangerous than well distributed 
fine dry powder. (3) Considerable increase in tensile strength could not be obtained 
with loam or clay content up to 5%. (4) Favorable effect of loam on compressive 
strength is noticed after 28 da. water storage. (5) Effect of kaolin is different from 
loam and clay. (6) Five per cent clay can prevent setting and hardening of lean 
mixes entirely when it forms a wet dirty surface coating. Aggregates for concrete 
i — and similar work should not contain more than 2% of loam or 
clay.—A. E. B. 

Has calcium chloride same effect as calcium sulfate or gypsum when 
added to clinker? Ortro Frey. Zement (Germany), July 23, 1931, V. 20, No. 30, 
p. 696-8.—Results of Magnel, who reported favorable effect of caletum chloride on 
portland cement, were critically examined. Cements were prepared with admixtures 
of 1.5, 2 and 3% gypsum and 2, 2.5, 3 and 3.5% calcium chloride. Compressive and 
tensile strength tests revealed following results: Gypsum is considerably more effective 
as a means for regulation of setting time. Cement obtains higher strength with 
gypsum than with calcium chloride. Great hygroscopy of calcium chloride is bad 
disadvantage as retarding agent. Addition of calcium chloride to cement with 2% 
gypsum lowers its strength. Chemical composition, especially SO; content, is of 
dominating importance on increases of strength. From different amounts of ad- 
mixtures it can be seen that best strength is obtained with 1.5 to 2% calcium chloride 
and 2 to 3% gypsum. Effect of calcium chloride on tensile strength shows no uni- 
formity. It has no great influence when dissolved in mixing water.—A. E. B. 


AGGREGATES 


Predictions of 28-day tensile strength of sand mortars from 1-day infor- 
mation. Bul. No. 27, Maine Technology Experiment Station, June, 1931, 42 p.—A 
summary of methods and results obtained from researches extending over a 10-yr. 
period gives in detail method of attack now in use at Maine Station for predetermina- 
tion of mortar strength. A prediction equation containing 11 variables is presented. 
Multiple correlation coefficient for this equation, 0.822 + 0.021, makes possible a 
24-hr. prediction of 28-da. tensile strength of sands within average error of 42 p.s.i. 
Variables required to be known are: mechanical analysis data on 8-mesh, 14-mesh, 
28-mesh, 100-mesh and passing 100-mesh, also % of mixing water, colorimetric test 
for organic impurities, % of iron, aluminum, calcium and magnesium. While this 
research is a long step forward in prediction of mortar strength there is still great 
need for further study before more accurate results may be obtained. Appendices 
give detailed methods for colorimetric test for iron content; processes for determining 
the calcium, magnesium and aluminum content; and correlation coefficients de- 
termined from three extended studies on different groups of Maine sands.—H. W. L. 
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Experiments with different gravel sands. ‘‘Versuche mit verschiedenen 
Kiessanden.’”’ Orro Grar. 1931, German Committee for Reinforced Concrete, 
Publication No. 63, Wilhelm Ernst und Sohn, Berlin (Germany), R. M. 9.15. Re- 
viewed in Zement (Germany), June 18, 1931, V. 20, No. 25, p. 600.—Experiments are 
reported with different gravels for ordinary and high strength reinforced concrete. 
Aggregates were first tested in their natural composition, then varied within limits 
of standard specifications. Tests included compressive strength of cubes “' different 
sizes, beam tests and compressive strength tests of broken beams.—A. E. 

Valuation of different shapes of particles of broken stones ‘ae split. 
RotuFucus. Zement (Germany), July 9, 1931, V. 20, No. 28, p. 660-3.—Empirical 
method is derived for valuation of broken stones for use in railroad roadbed con- 
struction. Number of pieces in a unit volume depends on shape of particles of one 
peculiar size. Best available material was separated into different fractions by 
sieving and smallest number of stones in each fraction was used as basis for com- 
parison and given value of 100. Materials with less favorable properties were 
classified accordingly by smaller numerical values. Results can be expressed in 
diagrams and charts. Relation between shape of pieces and value for concrete 
aggregate is discussed.—A. E. B. 

Rapid determination of the hydraulic properties of granulated blast 
furnace slag. Sven MicHELsen. Zement (Germany), June 18, 1931, V. 20, No. 25, 
p. 588-9.—A microscopic method has been developed for valuation of blast furnace 
slags in industry. Hydraulic properties of slags are demonstrated bv treating samples 
with a 2% solution of aluminium chloride which acts catalyzing. Time of erystalliza- 
tion and crystal growth are observed. Cry stallization starts after 1 minute and 
develops small crystals in about 5 minutes in case of a good slag. In case of slag of 
lesser value about 5 to 35 minutes are required for crystallization and larger crystals 
are formed. Shape of crystals gives some information about relative amounts of 
silica and alumina. Determinations can be made within one hour. Exact directions 
and microphotographs are given.—A. E. 

The problem of structural materials for the manufacture of light concrete. 
A, Humme.. Zement (Germany), May 7-14, 1931, V. 20, No. 19-20, p. 442-5, 476-7. 
Light concrete is defined as a concrete with weight of 100 to 20 Ib. per cu. ft. Com- 
pressive strength is in general lower than that of normal concrete but can approach 
latter when concrete is properly proportioned. Low weight per cu. ft. is obtained by 
following methods: (1) Use of aggregates of low specific weight. (2) Favorable gradua- 
tion of aggregates according to certain sieve curves. Efforts to use Fuller or Ideal 
curves for light concrete mixing failed. High porosity is obtained by adding coarse 
fractions to normal aggregates. Method of concreting and normal consistency must 
be taken into consideration when proportioning mix: cast light weight concrete needs 
more finer materials. (3) Artificial treatment of concrete structure, before hardening 
takes place, by production of gases in interior of concrete mass (gas-concrete) or by 
melting of ice or snow added to mixture (ice-concrete). Gs as-concrete needs much 
fine aggregates to prevent gases from escaping. Problem of proportioning of aggre 
gates for light concrete is more difficult than for normal concrete and needs further 
investigation. Light concretes are classified in (1) conerete which is able to carry 
loads (weight per cu. ft. between 107 and 57 lbs.) and (2) concrete which does not 
stand static stresses (weight per cu. ft. between 57 and 20 Ib.). Latter has only 
insulating properties. Well distributed voids of average size are better than very 
large or very small voids. Micropores increase absorptive capacity of concrete for 
water.—A. E. B. 


CEMENT 


The influence of portland cement on alumina cement. G. S. Latin, 
Teknisk Tidskrift (Sweden), March 28, 1931, V. 61, No. 13, p. 189-190.—It has heen 
found especially in U. 8. A. that alumina cement cannot be mixed with portland 
cement, because setting time of mixture is so short concrete becomes very brittle 
and cravks very easily. The Swedish Concrete Committee has found by tests that 
certain kinds of portland cement make excellent mixtures with alumina cement with 
fully controlled slow setting time. In none of tests have cracks been found.—O. A. 

Comparison of experimental burns. Is it possible to predict the quality 
of commercial clinker, made in large scale production, from quality of 
clinker burned in experimental shaft kiln or rotary kiln? O. Frey. Zement! 
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(Germany), June 25, 1931, V. 20, No. 26, p. 612-4.—A number of experimental burns 
in different small kilns revealed relative values of burning method. Consideration 
was given to: preparation and grinding of raw materials; degree of burning; selection 
of clinker; time of storage; setting time; constancy of volume; effect of retarders and 
normal compressive and tensile strength. Best clinker was burned in rotary kiln 
with gas firing. Value of clinker from kilns decreased in following order: rotary kiln 
with powdered coal firing and thick slurry process, automatic shaft kiln, ordinary 
shaft kiln.—A. E. B. 

The chemistry of cement formation. R. ZoLumncer. Zement (Germany), 
Aug. 6, 1931, V. 20, No. 32, p. 738-41.—Fundamental chemical reactions during 
burning process of portland cement and role of compounds of MO, MO, and M,O,; 
type are theoretically explained to show proper ways for proportioning cement 
composition. ‘Triangular diagrams outline favorable field of composition. Velo 
cement and Kiihl cement are pointed out as best compositions at extreme ends of 
field. Suggestions are given for application of author’s theory in practice.—A. E. B. 

Time of grinding and setting of cement. Katsuzo Koyanaai. Zement 
(Germany), May 14, 1931, V. 20, No. 20, p. 467-9.—Cement becomes quick setting 
when coarse clinker grains are ground for long time in small laboratory mill with 
large steel balls even when finished product is still relatively coarse (ef. Zement 
(Germany), Oct. 16, 1930, V. 19, No. 42, p. 988-9; JourNaL A. C. I., Dec., 1930, 
Abstracts, V. 2, No. 4, p. 94). Further tests with Mayntz-Petersen air separator 
showed: (1) Long grinding leads to quick setting. (2) Cements which were setting 
rapidly due to above conditions were found much coarser than normal setting cement 
produced by shorter grinding of crushed material with small steel balls. (3) Clinker 
and gypsum mixed together after being ground separately did not yield quick setting 
cements although they were ground much longer than above quick setting cement 
which was ground together with gypsum. Exact reason for quick — due to long 
grinding could not be definitely established by these tests.—A. E. 

The analysis of standard cements. Erwin Kratz. Zement stealimaie? May 
28, 1931, V. 20, No. 22, p. 519.—German tentative standard specifications for 
chemical analysis of normal cements (cf. Zement (Germany), March 19-26, 1931, 
V. 20, No. 12-13, p. 258-60, 290-2; JourNaL A. C. I., June, 1931, V. 2, No. 10, Ab- 
stracts, p. 277) do not ine lude determination of silica by ultrafiltration method. This 
method, which uses certain diaphragms for filtering, can be very well applied to 
rapid control analysis. Silica can be determined in 2 hr.—aA. E. 

Analysis of standard cements. Hans Kunu. Zement (Germany), June 4, 1931, 
V. 20, No. 23, p. 541.—Author supports claims of Kratz (cf. Zement (Germany), 
May 28, 1931, V. 20, No. 22, p. 519) for aecception of ultrafiltration method as a 
standard method for determination of silica in rapid analysis of portland cement. 
Method derived by Hart gives excellent results and is of great advantage in plants 
where silica modulus is determined for proportioning of raw materials.—A. E. B. 


Importance of clay for ———- of lime in cement raw eqrre Kurt 
SPANGENBERG. Zement (Germany), Jan. 29, 1931, V. 20, No. 5, p. 94-6.—After 
discussing different opinions of American and German investigs ret on question of 
existence and purity of tricalcium silicate, author describes reactions possible between 
kaolin and silica which might be of importance in burning process of portland cement 
clinker. Combination of silica and kaolin was subject of thesis of I. Weyer and will 
be reported in detail in several papers in same journal.—aA. E. B. 


Colloidal cement hardening. Part 2. Hans Kuni, W. Bussem Anp F. Tu1Lo. 
Zement (Germany), July 9, 1931, V. 20, No. 28, p. 650-1.—In continuance of previous 
studies (cf. Zement (Germany), March, 1930, V. 19, No. 12, p. 262-4; JournatL A. C, 
L., June, 1930, V. 1, No. 8, Abstracts, p. 111) it was proved that hydraulic hardening, 
in case of good cements, is possible on colloid-chemical basis, that means without 
occurence of coarse mechanical crystal formation and cementation. Using chemically 
pure raw materials, silica, alumina and lime, several melts were prepared and chilled 
in water. Melt of composition: 26.9% SiQs, 12.9% AkO; and 50.2% CaO showed 
absolutely no crystal formation under | microscope. Briquets, which were made by 
taking every precaution to prevent access of carbon dioxide, were broken after 1, 3, 7 
and 28 da. and gave good strength results. Small-piece testing method was used for 
this purpose. Hardening process was observed under microscope and samples were 
submitted to X-ray examination. No crystalline products could be found and 
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specimens showed only after 6 weeks small light spots under crossed Nicols. X-ray 
diagrams of hardened samples were compared with diagrams of original melt to which 
small amounts of gypsum had been added. Presence of crystalline material could 
not be detected.—-A. E. B. 

White portland cement. Zement (Germany), July 23, 1931, V. 20, No. 30, p. 
705-6.—After several years of experimenting, Portland Cement Plant Dyckerhoff 
und Séhne, Améneburg (Germany), was successful in manufacturing white portland 
cement ‘“‘Dyckerhoff Weiss’ which fulfills all requirements of German standard 
specifications for portland cement. Its strength properties are of same order as high 
early strength portland cement.—A. E. B. 

Method for determination of uncombined lime in cements. H. Karuke. 
Zement (Germany), July 9, 1931, V. 20, No. 28, p. 651-6.—-A detailed description of 
Emley’s method for determination of uncombined lime in cement and changes made 
by Lerch and Bogue is followed by experiences of author with tartaric acid as titrating 
agent. Titration can be made in cold in few minutes. End point is not very well 
defined. Method by G. E. Bessey using 0.1 N solution of benzoic acid is promising. 
Sample must be added to glycerol, not vice versa, and kept at 140 to 176° F. for 24 hr. 
Tabulated data are shown of determination of uncombined lime in portland cement, 
blast furnace slag cement, high alumina cement, set portland cement, set high 
alumina cement and several calcareous sandstones by using ammonium acetate, 
tartaric acid and benzoic acid as titrating agents. Results with ammonium acetate 
and benzoic acid agree fairly well. Apparatus by Bessey for calorimetric determina- 
tion of uncombined lime is described and criticized.—A. E. B. 

When is tricalcium silicate formed during the technical burning process? 
I. Weyer. Zement (Germany), July 30, 1931, V. 20, No. 31, p. 714.—Formation of 
tricalcium silicate in synthetic raw mixtures begins at 2370 f It is assumed that 
its formation in technical burning processes of portland cement is aided by appearance 
of a liquid phase at about 2320° F. Dyckerhoff was unable to find any traces of 
tricalcium silicate in melts of aluminates. Contrary to opinion by Nacken, that 
formation of clinker minerals is finished when liquid phase appears, Kiih! claims that 
chief minerals are formed above this temperature and that tricalcium silicate begins 
to be formed at 2280° F. to about 12% and reaches at 2370° F. about 29%.—-A. E. B. 


Twelve years high testing cement. Orro Gassner. Zement (Germany), May 
7, 1931, V. 20, No. 19, p. 432-6.—Author sketches development of high early strength 
cements in Germany and lists different brands of such cements and producing plants. 
Great number of high early strength portland cements, several high early strength 
iron-portland cements and blast furnace slag cements are on the market. Only one 
fused high alumina cement, Rolandshiitte Schmelzzement, is manufactured now in 
Germany as by-product of manufacturing process of high quality steel. Kihl found 
that best strength can be obtained with cements very rich or very poor in silica.— A. 


de 


About the changes of the setting time of portland cements. Karsuzo 
Koyanaai. Zement (Germany), June 4, 1931, V. 20, No. 23, p. 540-1.—-Changes in 
setting time of portland cement which were observed by Weithase (cf. Zement 
(Germany), Feb. 26, 1931, V. 20, No. 9, p. 187-92; Journat A. C. L., June, 1931, V. 2, 
No. 10, Abstracts, p. 282) were encountered and studied with Japanese cements. 
Cements stored in air showed first change in setting time after 48 hr. This change 
lasted for 6 da., disappeared then and reappeared about 14 da. later. No change was 
observed when cement was stored in a current of either dry or carbon dioxide free air. 
Alkali does not cause any change as was shown with cen ents very rich in alkali. 
Injection of water vapor into mill does not give any remedy. Cement packed in 
sacks is more liable to change its setting time than cement packed in barrels. This 
phenomenon seems to take place usually in spring. Changes of temperature and 
weather seem to affect cement more than absolute height of temperature. Constancy 
of volume and strength of cement are not at all affected by such changes in setting 
time. Grinding with air separation seems to be most successful means of bringing 
cement back to its normal properties.—A. E. B. 

A modern high efficiency shaft kiln installation, system Andreas. 
FRriepRIcH F. TippMann. Zement (Germany), May 28, 1931, V. 20, No. 22, p. 514-9. 
Competition between rotary and shaft kiln led to the development of new high 
efficiency type of shaft kiln with new interesting features. Clinker is porous and 
very much like rotary clinker in structure and strength properties. Microphotographs 
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demonstrate this similarity. High economy of new kiln is due to following ad- 
vantages: (1) no coal mill is necessary since coal needs neither grinding nor drying, 
(2) no briquetting plant for raw feed is necessary, (3) excellent control of clinker 
burning, (4) uniform high quality clinker and (5) low operation costs; only 2 men 
ure required for 1 kiln.—A. E. B 

The knowledge of silica and silicates. F. W. Meier anp Lupwia ScuustTer. 
Zement (Germany), June 4, 1931, V. 20, No. 23, p. 538-40.—-Present methods for 
determination of insoluble residue in cement, trass and similar materials give in- 
correct results which depend chiefly on time of reaction of reagents with silica. Even 
quartz is dissolved in considerable quantities. Solubility of silica in different materials 
was studied by treating them with reagents of varying concentration and over 
rarying periods of time. New method suggests treatment of sample with dilute 
hydrochloric acid, separation of acid insoluble silica, treatment of residue and filtering 
with 100 ce. of 5% solution of sodium carbonate in platinum dish on water bath for 
15 min. and hot filtration. Residue and filter are then digested for 15 min. with 100 
ee. of 10% hydrochloric acid, washed with weak acid and hot water, dried, ignited 
and welded. A. E. B. 

Grinding and drying process. A. Bb. Hexisica. Zement (Germany), June 11, 
1931, V. 20, No. 24, p. 564-6.—Economic operation of tube mills in which cement raw 
materials are ground and dried was made subject of mathematical calculation. 
Relations between efficiency of mill, moisture content of materials to be dried and 
ground, temperatures of air entering and leaving mill and degree of saturation of air 
are explained and derived formulas were applied to problems of practice. Most 
economic operation is obtainable with very hot gases. Height of temperature is 
limited by allowable heat to which mill equipment can be exposed.— A. E. B. 

Comparison of the water solubility . three different cements. DoNovAN 
WERNER. Zement (Germany), July 2, 1931, V. 20, No. 27, p. 626-30.—In connection 
with study of corrosion and deterioration > concrete several tests were made to 
determine water solubility of a portland cement, of several mixed portland cements 
with varying amounts of arsenic trioxide and of an alumina cement. A method i 
described which is suitable for measuring solubility of hardened cement in water. 
Two phases of reaction of cement and water were found: one fast solution process is 
followed by a slower one. Possibilities of decreasing water solubility of portland 
cement by addition of acid compounds are discussed. Effect of arsenic trioxide mixed 
to a normal portland cement in several percentages has been investigated. Total 
solubility of high alumina cement was found to be of about same magnitude as total 
solubility of portland cement. Influence of different amounts of mixing water and 
age of specimens upon solubility have been studied and solubility of lime measured 
with different kinds of cement. A long list of literature references is given.—A. E. B. 

The determination of alkali and the analysis of standard cements. WALTER 
MARSCHNER. Zement (Germany), May 14, 1931, V. 20, No. 20, p. 466.—-New method 
for determination of alkalies gives better results than method by Lawrence Smith, 
which was adopted as standard method in German specifications for portland cement 
(ef. Zement (Germany), March 19-26, 1931, V. 20, No. 12-13, p. 258-60, 290-2; Jour- 
naL A.C. I., June, 1931, V. 2, No. 10, Abstracts, p. 277) and whic h has be en found by 
Priissing to give too low results (cf. Zeme nt (Germany), April 16, 1931, V. 20, No. 16, 
p. 360; JOURNAL A. C. I. , June, 1931, V. 2, No. 10, Abstracts, p. 280). Sample of 2 g. 
is used which gives more prec ‘ipitates tha in 0.5 g. of Smith’s method thus decreasing 
errors in weighing. Cement is dissolved in hydrochloric acid and silica is rendered 
insoluble. Sulfates are precipitated with small excess of barium chloride. Alkalies 
are weighed as chlorides. Potassium is determined by perchloric acid method.—A. 
E. B. 

The course of the reaction between kaolin and lime under static heating. 
I. Weyer. Zement (Ge rotate June 11-25, July 23, 1931, V. 20, No. 24-26-30, p. 
560-4, 608-12, 692-4.—-Mixtures of especially treated pholerite and calcium carbonate 
were intimately mixed and heated in platinum vessels under absolute temperature 
control. Reactions were facilitated by great excess of carbonate. End products were 
examined chemically and under microscope. Uncombined lime was dissolved by 
aleohol-glycerol method by Lerch and Bogue. Speed of reaction depends on particle 
size and distribution of lime through products of reaction. Latter are fine-crystalline 
aggregates of several compounds in pseudomorphous form of kaolin. Reaction be- 


. 


tween kaolin and lime consists of 3 phases: (1) First phase is between 932 and 1742° F. 
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Reaction between Al,O; and CaO takes place at about 1080° F. with measurable 
speed. Silica begins to react at about 1300° F. Carbon dioxide of carbonate is com- 
pletely driven off at 1100° F. (2) Range of second phase is between 1742 and 2370° F. 
Silica reacts with lime and forms beta-modification of dicalcium silicate. At 1742° F. 
is formed alpha-pentacalcium trialuminate which changes into tricalcium aluminate 
without passing through stable modification. Formation of tricalcium aluminate 
starts at 1830° F. but is formed with greater speed only at higher temperatures. 
(3) Third phase is formation of tricalcium silicate whic h starts at 2370° F. Well 
crystallized specimens of tricalcium silicate were obtained and examined.—A. E. B 

Use of air-classification systems in grinding cement clinker. H. G. Wricur. 
Pit and Quarry, March 25, 1931, V. 21, No. 13, p. 40-41.—A discussion of effect of 
ao temperature on grinding capac ity, and numerous other technical aspects. 

The new cement finishing mill of the Breitenburg Portland Cement Plant 
in Lagerdorf in Holstein (Germany). W. Nevnorr. Zemeni (Germany), June 4 
1931, V. 20, No. 23, p. 536-8.—Two three-compartment compound mills with Centra- 
drive made by Krupp, Germany, were installed in new finishing mill. Especially 
mentioned are cleanness of mill and quiet operation.—A. E. B 

The ee of silica. Gustav HAEGERMANN. Zement (Germany), June 
25, 1931, V. 20, No. 26, p. 614-5.—Critical study of ultrafiltration method for rapid 
determination of silica revealed that very good results can be obtained when dia- 
phragms are used which allow water to pass in 70 sec. and when all directions by 
Hart are very closely observed. Cement must be mixed with not more than 1 cc. of 
water and dissolved in hydrochloric acid not weaker than s. g. of 1.19. Filters which 
allow water to pass faster give low results. Di: uphragms are more expensive than 
ordinary filter paper and cannot be used a great many times. Determination can be 
made in 2 to 24 hr. (cf. Zement (Germany), May 28, June 4, 1931, V. 20, No. 22-23, 
p. 519-541).—A. E. B. 

The determination of silica in cements. Franz Wactaw. Zement (Germany), 
August 13, 1931, V. 20, No. 33, p. 759.—After studying ultrafiltration method, 
proposed by Kratz, Kuhl and Haegermann (cf. Zement (Germany), May 28, June 
4-25, 1931, V. 20, No. 22-23-26, p. 519, 541, 614-5), author proposes rapid method for 
silica determination by using pere hloric ac ‘id (70% HCIO,, s. g. 1.67) for dissolving 
cement. Silica on filter has to be washed very carefully. Method is good for control 
analysis of cement, clinker and blast furnace slag but not for other raw materials 
— sample is heated to about 1800° F. in electric furnace before dissolving.—<A. 





Pneumatic transportation in the cement industry. R. Korurzscu. Zement 
(Germany), July 30, 1931, V. 20, No. 31, p. 714-9.— After discussing general principles 
of pneumatic transportation equipment author sketches, their application in cement 
plants for moving of raw materials, coal, coal ashes and cement. Rentability of in- 
stallation, limits of transportable partic le sizes, effect of moisture and fire hazards 
are described. Diagrams show installations working under suction or with com- 
pressed air and explain different kinds of pumps, suction pipes, separators, materia! 
discharges, dry and wet filters and air lines.-A. E. B 

Selection of most suitable drives for mills in cement plants. H. Herre . 
Zement (Germany), May 21, 1931, V. 20, No. 21, p. 490-6.—Belt and chain drives 
cannot be recommended for new construction and installations. Use of slow running 
motor is favored on account of its great simplicity although its operation and in- 
stallation costs are higher than those of motor with precision drive and reduction 
gearing. In case of short yearly operation and low energy price this drive is most 
economic. When used continuously and prices of electricity are high, central drive 
is of advantage. Graphs illustrate economy, costs of installation and operation of 
different drives. Suggestions are made for selection of electric motors and different 
conditions in mills are sketched. Use of synchronous motors is favored in Germany. 
—A. E. B. 

The German cement machinery industry in the world trade. Hans Kun. 
Zement (Germany), May 7, 1931, V. 20, No. 19, p. 453-63.—Many new cement mill 
installations are described. (1) Giant rock crusher has opening of 4.6 by 5.9 ft., 
handles rocks of 1 to 2 cu. yd. size and crushes 550 tons per hr. (2) Titan crusher 
has 2 rotating shafts and reduces material in one stage to my 14 in. size. (3) 
Several new types of tube and ball mills, 2, 3 and 4-compartment mills with and with- 
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out movable separating walls and a number of air separation installations are dis- 
cussed. (4) Equipment for drying and grinding in one operation is illustrated. (5) 
Automatic shaft kilns have daily output of 165 tons, operate with high air pressure, 
are fed with moistened non-briquetted raw materials and produce high quality 
clinker of great uniformity. (6) Thiele grate with hydraulic drive and roller grate 
have new unique features. (7) Rotary kilns are provided with newly designed coolers, 
concentric cooler and funnel cooler. (8) Rotary kiln has improved enlarged calcining 
zone. (9) Slurry in wet process plant is fed to kiln by Rigby method which is very 
economic. (10) Lepol kiln is combination of traveling grate and rotary kiln. Gran- 
ulated raw feed reaches grate through which kiln gases are sucked. High economy is 
obtained. (11) Operation and handling of sacks in new Miag packing machine is by 
electro magnets. (12) Short description is added of new clinker transport cranes and 
equipment for handling pulverized materials and slurry.—A. E. B. 

Researches on the rotary kiln in cement manufacture. Part 20-21. 
GEOFFREY Martin. Rock Products, June 6-20, 1931, V. 34, No. 12-13, p. 45-47, 
52-53.—In calculating temperature of exit gases when incoming air is preheated to 
different temperatures, kiln is assumed to be perfect in that: no radiation losses 
occur; all heat is communicated to raw material; gases leave the decarbonating zone 
at 1481° F. and are at temperature of the raw material the rest of the way, owing to 
perfect heat interchange; slurry is dry; weight of air used is 10.478 lb. per lb. standard, 
12,600 B. t. u. coal; weight of combustion gases is 11.278 lb. per Ib. coal, maximum 
temperature to which incoming air may be heated is 2500° F., which is taken as the 
clinkering temperature; temperature of atmosphere is taken at 60° F. Study 
of calculations for increased preheating shows that: (1) When entering 10.478 
lb. air is preheated to anything from 60° to 500° F. exit temperature of exit gases is 
constant at 212° F., owing to fact that slurry condenses steam which thus preheats 
slurry. (2) When clinker preheats entering air to more than 500° F., temperature of 
exit. gases decreases, all water having been condensed until at 1100° F. temperature 
of exit gases falls to 60° F., all heat having been given to raw material. (3) When 
entering air is preheated beyond 1100° F. heat is so absorbed that exit gases will not 
have a temperature of 60° F. and slurry must be preheated if it is to enter decar- 
bonating zone at correct temperature. In practice there is a considerable heat loss 
by external and internal radiation from the kiln. Effective loss is 1544% and not 
5.6% as might be supposed, and this is because serious loss is that of high grade heat, 
(above 1481° F.) only heat that will aid in clinker formation. Table shows the losses 
from clinkering and decarbonating zones of kilns burning from 20 to 35 tons coal per 
100 tons clinker.—-E. 8. 





MISCELLANEOUS 


, 


Investigation of gypsum. ‘Zur Untersuchung des Gipsies.’’ Prrer P 
BupnikorFr. 1930, Leningrad. (Russia). Reviewed in Zement (Germany), June 18, 
1931, V. 20, No. 25, p. 600.—Treatise on properties, origin, different kinds and use in 
industry of gypsum is based on experimental results of 10-yr. research by author 
Much room is given to ‘“‘Anhydritecement.”’ Best catalytical mixture was found to 
he: 0.5% NaHSO, plus 0.8% CuSO, plus 0.8% FeSO, which gave high tensile 
strength.—A. E. B. 

Hollow concrete bricks for dwelling houses. Zement (Germany), May 14, 
1931, V. 20, No. 20, p. 482.—Advantages of hollow concrete bricks for dwelling house 
construction are: great economy, savings of labor and mortar, dryness and perfect 
insulation. Specially mentioned are light concrete bricks with pumice as aggregates. 


A. E. B. 
PROPERTIES OF CONCRETE 


Effect of heating materials and appliances on the rate of hardening of 
rapid-hardening portland cement. N. Davey. Concrete Constr. Eng. (England), 
June, 1931, V. 26, No. 6, p. 358-64.—Cases occur in which early strength is necessary 
as for example placing between successive tides or for limited available time for use 
of forms and shuttering. Acceleration in strength achieved by conserving heat 
generated by the cement after placing, by providing insulating media round the 
concrete or by heating the materials and appliances when mixing and placing. Tests 
are described showing effect on the acceleration of strength by pre-heating materials. 
Acceleration produced in first few hours by pre-heating materials is striking. This 
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acceleration is more marked if the concrete can be subsequently kept hot. Cooling 
of concrete that has been placed at a high temperature may result in excessive 
shrinkage stresses.—J. M. 

The changes of the temperatures in gravity dams. Vicror SCHAUBERGER. 
Wasserwirtschaft (Austria), 1930, No. 35, p. 717-9.—Results are presented of a 
number of investigations of temperature changes, equalization of heat generated in 
interior of large masses of concrete and effect of such temperature changes on structure 
and stability of dams.—aA. E. B. 

Studies in reinforced concrete. Part 1. Bond resistance. Part 2. Shrinkage 
stresses. W. H. Gianvitie. 1930, Dept. of Scientific and Industrial Research. 
Building Research. Technical paper No. 9 and 10. London (England), price 1 s. 
Reviewed in Bauingenieur (Germany), Jan. 16, 1931, V. 12, No. 3, p. 62.—Results of 
experiments conducted at Building Research Station in England agree very well with 
data published in this field in German literature —A. E. B. 

Effect of low temperatures on setting and hardening of concrete. ADALBERT 
Pogany. Zement (Germany), May 14, 1931, V. 20, No. 20, p. 478-80.—Eight series 
of laboratory test specimens, each series consisting of four 2-in. cubes, were exposed 
to temperatures from —7.6 to 17.6° F. over periods from 10 min. to 7 da. under con- 
ditions similar to practice. Two cubes of each series were broken and 2 were prepared 
for microscopic examination. Sharp drop in compressive strength was noticed even 
after short freezing periods. Polished specimens and thin sections showed progressive 
deterioration of structure after about 1 to 4 hr. Cracks occured after 2 to 3 da. 
freezing and deterioration was complete after 7 da. Concrete exposed to frost for 
4 hr. during hardening period cannot be considered as of same value as normally 
hardened concrete.—A. f B. 


Results of long time investigations of concrete roads. E. Prosst. Beton- 
strasse (Germany), March, 1931, V. 6, No. 3, p. 3-14; reviewed in Zement (Germany), 
May 21, 1931, V. 20, No. 21, p. 505-6.—Expansion of concrete sections of (1) concrete 
road exposed to traffic and (2) concrete road not exposed to any loads were measured. 
Maximum longitudinal expansion was 0.005 in. per ft. Short sections expanded more 
than long ones since stresses in center part of long slabs can not come into action. 
Movements of concrete due to changes in temperature depend on kind of concrete 
and method of concreting. One-layer slabs showed less expansion than two-layer 
slabs. Cracks are due to uneven underground. Directions for proper preparation 
of road bed are given. Concrete specimens of roads were taken after 3 years and 
their capillarity and compressive strength studied. Sections of road exposed to frost 
during construction period showed excessive wear and considerable losses in com- 
pressive strength.—A. E. B. 


Temperature of maturing concrete with rapid-hardening cement. N. 
Davey. Concrete Constr. Eng. (England), May, 1931, V. 26, No. 5, p. 310-16.- 
Variations in strength of concrete test-pieces made on a job are largely due to tem- 
peratures at which the test-specimens were allowed to mature. Description and re- 
sults of tests are given to determine the effect of the variation of temperature on 
strength. At low temperatures cement did not attain high early strengths to be ex- 
pected from rapid hardening cement. At seven days difference in temperatures 
affected the strength little. Investigation shows (1) the importance of knowing 
temperature conditions for interpreting test results of concrete test-pieces made on 
the job; (2) value of protecting small or thin concrete members such as columns, floors, 
and wall slabs from action of cold when using rapid-hardening portland cement; 
(3) that maturing temperature as well as strength is to be specified for concrete at 
early ages.—J. M. 


Directions for the construction of concrete buildings in moors, moor 
water and water of similar composition. ‘‘Richtlinien fur die Ausfuhrung 
von Bauwerken aus Beton im Moor, in Moorwassern und ahnlich zusammen- 
gesetzten Wassern.’’ Published by the German Committee on Reinforced Con- 
crete, 1931, Wilhelm Ernst und Sohn, Berlin (Germany), R. M. 0.40. Reviewed in 
Zement (Germany), June 18, 1931, V. 20, No. 25, p. 600.—Effect of aggressive waters 
on concrete and reinforced concrete is described and means for protection of structures 
are illustrated, and possibilities for application of concrete in such waters are dis- 
cussed. Directions are given for sampling of water and ground for chemical analysis. 
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The role of water in concrete. Part 2. Test results of hardened cement. 
Stic Grertz-Hepstrom. Zement (Germany), August 6, 1931, V. 20, No. 32, p. 734-8. 
—Previous investigations (cf. Zement (Germany), July 16, "1931, V. 20, No. 29, p. 
672-8) were continued. Two new methods were used for determination of combina- 
tion of water in hardened samples of 4 different cements (portland, high alumina and 
mixed cements) with 4 different amounts of mixing water at 1, 3, 7 and 28 da. Re- 
sults and their relation to technical properties of concrete are discussed. Suggestion 
is made to classify water in concrete in 3 groups: firmly combined water, loosely com- 
bined water and uncombined water. Limits between these different groups are not 
finally defined. Improvement of method and further experiments are necessary.— 


Experiments about the water permeability of cement mortar and con- 
crete. Experiments with sprayed mortars. ‘‘Versuche uber die Wasser- 
durchlassigkeit von Zementmortel und Beton. Versuche mit gespritzten 
Morteln.”’ Orro Grar. 1931, German Committee for Reinforced Concrete; publica- 
tion No. 65, Wilhelm Ernst und Sohn, Berlin (Germany), R. M. 7.20. Reviewed in 
Zement (Germany), Aug. 13, 1931, V. 20, No. 33, p. 767.—Report includes results of 
comprehensive test about effect of different sands and coarse aggregates on water 
permeability of concrete. Permeability of mortar and concrete with different 
cements, sands and gravels, influence of size and shape of aggregates are investigated. 
Water permeability of slabs of different thicknesses is also studied and suitable di- 
mensions given for such tests slabs. Permeability of concrete is increased by after- 
treatment of its surface. Experiments were also made with sprayed mortars with 
and without addition of trass. Results are presented in tables.—A. E. B 


Large concrete warehouse in Stockholm destroyed by fire. RaGnar Scuty- 
TER. Government Testing Institute (Sweden), 78 p.—Inquiry by Swedish Concrete 
Institute into the damage by fire to a large relatively new reinforced concrete ware- 
house in Herkulesgaton in Stockholm, and into the cause of its seriousness comprised 
a description of the fire, its origin, course and extinction, as well as of the fire-damaged 
building, its construction and fittings, and also nature of stores before fire and of 
cendition of building after fire. A survey was made by the Fire Laboratory of the 
Government Testing Institute of main damage together with permanent changes in 
form, test-load, determination of tensile and adhesive strengths of concrete and re- 
inforcing steel, and also of depth to which fire had penetrated into the concrete, ete. 
Conclusions drawn from the fire and from the investigation include: Fire-resisting 
capacity of ordinary house-building materials and structures, also that of concrete, 
is only relative. No such materials can withstand a fire of sufficiently long duration 
and power, but in this case, as in that of other big fires, it has been found that concrete 
and reinforced concrete, when properly made, are highly effective fire-proofing ma- 
terials. Quality depends on composition of concrete, proportions of mix, contents 
of cement and water, execution of work and, in case of reinforced concrete, manner 
in which reinforcing rods are placed and their distance from the surface.—AvTHOR’s 
SUMMARY 


Moisture and effect of moisture on concrete with pumice as aggregates. 
W. Breruatter. Zement (Germany), July 2, 1931, V. 20, No. 27, p. 631, 636-8.— 
Determinations of moisture in walls of buildings made of slabs of light concrete with 
pumice aggregates showed very high figures (15.5 to 24% compared with 1.25% in 
clay brick wall). Dimensions of slabs were 0.6 by 3.3 by 9.8 ft. thus representing only 
small surface. Amount of mixing water in light concrete mixes is much higher than 
in ordinary concrete. Capillarity prevents slabs from drying out entirely without 
artificial means. Slabs in air storage retained 15% water after several years and in 
dry air storage 5%. Slabs were treated with steam to increase their strength. This 
treatment has unfavorable effect on water evaporation. Relations between moisture 
and volume changes were studied. Special consideration is given to effect of moisture 
on heat insulating properties. Great moisture content can lead to corrosion where 
concrete is in contact with metal parts. Proper control of moisture of concrete walls 
during construction, especially of dwelling houses, is emphasized.—A. E. B. 


Resistance of concrete plastics. Zement (Germany), July 23, 1931, V. 20, No. 
30, p. 706.—Concrete plastic was exposed for long time to high temperatures and 
flames during great fire of German art exhibition building. Thereafter it was chilled 
with water and buried under falling steel structure. It showed only very slight injuries 
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demonstrating high durability and suitability of concrete for plastics.—A. E. B. 

Directions for the construction of concrete structures in sea water. 
“*Richtlinien fur die Ausfuhrung von Betonbauten im Meerwasser.”’ Ger- 
man Committee for Reinforced Concrete, 1931, Wilhelm Ernst und Sohn, Berlin 
(Germany), R. M. 0.20. Reviewed in Zement (Germany), May 21, 1931, V. 20, No. 
21, p. 506.—Chemical and mechanical effect of sea water on concrete and reinforved 
—— is described. Details for use of concrete for marine structures are given.- 

Expansion and contraction of concrete. A. T. GotpBEecKk. Crushed Stone J., 
March, 1931, V. 7, No. 3, p. 11-13.—Effect of aggregates on the expansion and con- 
traction of coricrete is noted. The concrete mix was 1:2:3 by dry rodded volume. 
The coarse aggregate consisted of 20 slags varying in weight from 57.8 to 90 lb. per 
cu. ft. and two limestones. Brass plugs were set on two opposite sides of broken 
beams and drilled at a gage length of 10 inches. Whittemore strain gage was used in 
making measurements. A study was made of the effect of immersing in water, of 
moisture and high temperature, of moisture and freezing, and of air drying. The 
coefficient of thermal expansion was the same irrespective of characteristics of coarse 
aggregates. Average coefficient for all specimens was approximately .0000048 in. 
per deg. F. There was a strong indication that when immersed in water concrete 
made with light slag expands more than concrete made with heavy slags or limestone 
coarse aggregate. When concrete was frozen, it did not expand due to a een 
force of ice, but normal contraction seemed to have taken place.—J. E. ¢ 

The problem of the boiling test. Heinricu Lurrscuitz. Zement lia uny), 
June 18, 1931, V. 20, No. 25, p. 585-8.—Phenomena occurring when cement pats are 
exposed to boiling water, steam or hot air were critically examined and a theory 
explaining their behavior was derived. Cracks result from combined action of inner 
forces and exterior pressure. Latter depends on media in which cement pat is stored. 
Studies were made with portland cement, high alumina cement and magnesia cement 
and opposite behaviour of latter two cements pointed out. Similar tests were made 
with sandstones of various origin which were heated and then chilled. Results were 
compared with information obtained by ball method by Heinz.—A. E. 

Hothouse structures of reinforced concrete. ADALBERT PoGANy. Zement 
(Germany), June 4, 1931, V. 20, No. 23, p. 545-6.— Experiences gained in 6 years with 
reinforced concrete hothouse revealed that: (1) growth of plants was not affected by 
decreased amount of light passing through structure (openings are slightly smaller 
than openings of steel structures), (2) building was perfect from standpoint of heat 
economy (no great temperature changes in winter), (3) condensed water had no harm- 
ful effect on plants, (4) 25% ne were made in construction and (5) no repairs and 
maintenance were necessary.—A. 

Stiffness test and water- dnimaaine ratio. Kart BrRausEWETTER. Zement (Ger- 
many), June 11, 1931, V. 20, No. 24, p. 567-8.—Author attacks directions of German 
standard specifications for reinforced concrete which ask for constant stiffness of 
concrete, same as is used in compressive strength tests, during construction jobs. 
Studies revealed relations between stiffness, gradation of aggregates, moisture content 
of aggregates and compressive strength. Latter can vary when gradation is changed, 
even when same stiffness is retained. Accuracy of stiffness test is criticized.—A. E. B. 

The role of water in concrete. Part 1. General viewpoints and special 
testing methods. Stic Grertz-HEepstrom. Zement (Germany), July 16, 1931, V. 
20, No. 29, p. 672-8.—A comprehensive research program is outlined subject of which 
is study of combination of water and binding agent in concrete. General viewpoints 
about role of water as concrete material are discussed and nature of combination of 
water with cement is described. Earlier investigations of above phenomena are re- 
ported and criticized. Fundamental directions for measuring combination of water 
and cement in concrete are cited. Two new methods have been established which 
enable such measurements by means of drying out and freezing of specimens. De- 
tailed description of apparatus is given.—A. E. B. 

The modern experiences concerning the water permeability of mortar and 
concrete. ‘‘Die heutigen Erkenntnisse uber die Wasserdurchlassigkeit des 
Mortels und des Betons.’’ Kurt Watz. 1931, Wilhelm Ernst und Sohn, Berlin 
(Germany), R. M. 9.00. Reviewed in Zement (Germany), May 14, 1931, V. 20, No. 
20, p. 482.- ’ Manufacture of watertight concrete is one of most diffic ult Rs sal of 
modern concrete practice. Systematic review of work along these lines is chief 
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subject of book. It presents also research of author on effect of w/c-ratio, gradation 
of aggregates, consistency and treatment of concrete before and after hardening on 
its structure and strength. Results are shown in numerous tables and charts. Stand- 
ard specifications for water permeability measurements are suggested to replace 
various methods now in use.— A. E. I 


Concreting in freezing weather. D. A. PLotrnixov, P. B. Tarassov, Y. A. 
YOCHELSON AND I. F. Yastresov. Bul. 5, Institute for Scientific Concrete Research, 
Leningrad, U. 8. 8S. R., 1931.—Four separate papers deal with effect of freezing 
weather on concrete, a ‘problem of vital importance for uninterrupted year-round 
work in U.S.S. R. Plotnikov’s paper takes up peculiarities of setting and hardening 
under frost action; existing specifications covering concreting in freezing weather; 
classification of winter methods; factors accelerating setting and hardening. Dis- 
cussion of planning and execution of concrete work in winter is supplemented by 
computations of cooling effect in concrete wall 6 ft. 6 in. thick. Another supplement 
presents specifications for placing of Dnieper dam (Dnieprostroi). Sections placed 
without interruption were 32.8 by 19.7 by 13.1 ft. Time required was 20 hr. Thickness 
of individual layers, 9.8 in. Each layer was exposed to temperature of surrounding 
air for one hour, w yhereupon next layer w as placed. Concrete was transported in 
buckets. Time spent in bucket was 30 min. Minimum observed air temperatures 
with moderate wind was —14° F. to 5° F. Above conditions represent extreme limits 
for winter concreting. Efficiency did not permit delaying hardening process of a 
concrete monolith over a period of 7 to 28 da.; it was necessary to create a range of 
temperatures within permitting normal or slightly delayed hardening. During first 
hour only protection concrete has is its own heat as delivered from bucket; it loses 
heat rapidly and continues to cool off during following 5 to 6 hr., though protec ted by 
a new layer; finally, after 12 hr. it acquires protection of heat liberated during process 
of hardening. Twenty hours after initial placing, monolith may be covered by some 
heat-insulating covering and measures taken for heating top surface. Most dangerous 
moment is reached at end of first 6 hr. At this point the temperature of concrete 
should not be less than 41° F.—lowest limit of satisfactory hardening. Heating of 
mixing water to not more than 176° F. was also practiced. Buckets and mixers were 
heated by means of steam jets before receiving each successive batch. Bibliography 
refers to F. R. MeMillan, Concrete Primer; A. C. I. Proc., 1929; C. Hill, Winter Con- 
struction Methods, 1928, ete. P. B. Tarassov’s paper quotes results of 102 tests of 
20-cm. cubes exposed to frost outdoors at the Laboratory of Leningrad Institute of 
Ways of Communication. Conclusions drawn are: (1) Low temperatures retard 
hardening of concrete without interrupting it entirely, thus only delaying period 
before hardening is completed. (2) Concrete, exposed to frost action almost im- 
mediately upon mixing, has 40 to 50% of strength of identical concrete hardened 
under normal conditions. (3) Frost action reduces intensity of hardening of concrete 
by an average of 50% independent of whether it is exposed to such action immediately 
upon mixing or after some interval of curing under normal conditions. Y.E. Yochel- 
son conducted series of tests of effect of heating mixing water. His conclusions are: 
(1) Concrete strength is increased during initial hardening, as temperature of mixing 
water is raised. (2) Heating mixing water results in loss of workability of concrete, 
as shown by the slump test. This statement refers to concrete mixes with slump of 
5.9 to ll in. Effect of temperature of surrounding air on concrete strength is dis- 
cussed by I. F. Yastrebov with reference to tests of Experimental Station at Uni- 
versity of Illinois. Noteworthy is a curve of Soviet cements plotted alongside and 
above American standard cements at 28 da.—M. A. C. 


. 
ENGINEERING DESIGN 

BRIDGES 

The Echelsbach bridge. ‘‘Die Echelsbacher Brucke.”’ Frrpinanp DvELL 
AND Rupoir GerpBart. 1931, Wilhelm Ernst und Sohn, Berlin (Germany), R. M. 
8.40. Reviewed in Zement (Germany), June 4, 1931, V. 20, No. 23, p. 552.—Book 
gives summarizing review of all interesting details of design, static calculations, 
surveying, construction, dimensions and costs of Germany’s greatest reinforced 
concrete bridge.—A. E. B 

Hinges of reinforced concrete bridges. Zement (Germany), April 30, 1931, 
V. 20, No. 19, p. 424.—-New method was used for construction of hinges for concrete 
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arch bridge over river Narcea in Spain with a span of 134.5 ft. Usual cross-section is 
decreased about one third; hinges are imbedded in concrete to prevent rusting and 
ropes were saturated with bitumen. Rods were so arranged that same moment of 
inertia exists in all places.—A. E. B. 

Girder bridges. ‘‘Balkenbrucken.’’ W. Genter. Third revised edition, Vol. 6 
of Handbook for Reinforced Concrete Construction, ‘(Handbuch fiir Eisenbetonbau,” 
Wilhelm Ernst und Sohn, Berlin (Germany), R. ’M. 39.50. Reviewed in Zement 
(Germany), June 18, 1931, V. 20, No. 25, p. 600.—Book is treatise on subject covering 
entire field. Calculation methods, designs and construction are fundamentally 
discussed; most difficult problems of bridge construction are included. Book deals 
also with care of finished structure; it describes maintenance, testing and reinforcing 
of bridges.—A. E. B. 

Railway bridges of reinforced concrete. SreraN MuENz. Zement (Germany), 
June 25, 1931, V. 20, No. 26, p. 615-7.—Three recently finished reinforced concrete 
railway bridges of similar design are of two-hinged frame type and have spans of 42.7, 
49.2 and 82.0 ft. Largest bridge is 30.8 ft. wide and crosses street at angle of 65 deg. 
Reinforced concrete foundations are 24.6 ft. wide and 6.6 ft. thick. Middle part of 
bridge consists of 4 parallel beams, each 27.6 in. wide, carrying 9.8 in. reinforced 
concrete top slab. Roadway is 23 ft. wide and provided with 2 sidewalks. Retaining 
walls at each end are also reinforced concrete structures. Special precautions were 
— to prevent exposure of steel. High quality granite aggregates were used.—A. 


A method of arch design. G. P. MAnninG. Concrete Constr. Eng. (England), 
July, 1931, V. 26, No. 7, p. 414-19.—Tables of thrust are given for symmetrical two- 
hinged arch. Same table of thrusts can be used for two-hinged tied arch. Problems 
involving unsymmetrical loading can be simplified by doubling load to give sym- 
metrical arrangement and halving resulting thrust. Tables given for temperature 
thrust and thrusts due to crown-drop, shrinkage and yielding of abutments. Vertical 
settlement of one abutment causes no stress.—J. M 


Calculation of supporting walls and abutments for girder bridges. H. 
CraEMER. Zentralblatt der Bauverwaltung (Germany), 1930, No. 49, p. 847-52. 
Tables show suitable and economic cross-sections for great variety of abutments and 
supporting walls.—A. E. B. 

British engineer designs unusual cantilever bridge. Eng. Con., Sept., 1931, 

. 229-232.—A suspension bridge at Montrose, Scotland, has been replaced by a re- 
inforced concrete bridge which is of reinforced concrete in its entirety, including lamp 
standards, shades and reflectors. There are two river piers, founded on pile-filled 
caissons, for span of 216 ft. Distance from each river pier to shore abutment is 108 ft. 
A cantilever structure extends from each pier to shore and to center of river. <A side 
elevation of cantilever is in the form of a truncated triangle. The chord member is 
straight but the “boom’’ follows closely the shape of the bending moment diagram 
for a line load at the center of the bridge. Seventy-eight 114-in. bars reinforce the 
“boom.” Diagonals are also heavily reinforced. Unique expansion joints consisting 
partly of phosphor bronze bearings, at junction of two cantilevers in center span, 
were installed. A table gives effects of temperature changes.—N. H. R 


Through-cantilever bridge of concrete built in Scotland. Eng. News 
Record, August 20, 1931, V. 107, No. 8, p. 300.—New reinforced concrete bridge ot 
through-cantilever type recently built across River South Esk in Scotland to replace 
a 100-year old suspension bridge, has main span of 216 ft., anchor spans of 150 ft., a 
20-ft. roadway and two 8-ft. sidewalks. Curved top chords of cantilevers, each of 
which is subjected to a tensile force of 1000 tons, are reinforced with 76 1%-in. steel 
bars. A suspended span of 21 ft. 74 in. supported on pin joints connects ‘two can- 
tilever arms at center of main span. Expansion joints are placed across the bridge 
floor at each end and at center. Floor Geass vary in section both vertically and 


horizontally in accordance with stresses to be carried. At abutments bridge is 
supported on triangular concrete shoes which slide on a plate on upper surface of 
abutment. Since movement at abutments may later be restricted by dirt and rust, 
main piers are made sufficiently slender to bend under side thrust. Upper surfaces 
of these piers are made in form of half rollers fitted into cups at base of vertical posts 
of cantilever. Bearing plates are ee sheets embedded in concrete. The 
bridge was erected on wood centering. D. FE. 
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Design of a concrete bowstring-arch bridge, including analysis of theory. 
ConpE B. McCututoucu. Eng. News Record, August 27, 1931, V. 107, No. 9, p. 
337-339.— Because of unusual foundation and climatic conditions a bowstring-arch 
design of reinforced concrete was used for the Wilson River bridge by Oregon State 
Highway Commission. Structure consists of a pair of arch ribs of 120 ft. span carry- 
ing a suspended through-roadway deck with arch reactions taken by reinforced con- 
crete floor slab acting as a tie, thus converting structure into a completely closed ring 
supported on vertical piers. Location of bridge near coast, where corrosion of steel is 
severe, dictated a concrete structure. Economy of concrete in this case, other con- 
siderations being equal, is due primarily to maintenance cost of painting steel struc- 
tures. Foundation conditions which rendered abutments incapable of sustaining 
arch thrust dictated this type of concrete structure. Arch has rise of 36 ft., and ribs 
are 3 ft. 6 in. wide by 2 ft. 8 in. thick at crown and 3 ft. 6 in. thick at springing. Arch 
reinforcing consists of 16 114-in. square bars per rib. Additional 144-in. square bars 
at ends of ribs are fanned out di: ugonally into floor to transmit thrust back into this 
12-in. slab, which is used as tie member. Hangers, spaced at 12 ft. intervals, were 
designed as a relatively thin rectangular section, having thickness of only 5 in. 
parallel to axis of roadway to avoid secondary bending stresses induced by angular 
distortion of arch rib. Hanger tops are articulated by means of asphaltic felt and 
placement of hanger concrete is deferred until arch and deck falsework have been re- 
leased and hanger rods are under full dead load, to avoid formation of horizontal 
circumferential cracks. Analysis indicated a distinct economy resulting from use of 
temporary hinge near crown, which causes arch to act as single-hinged arch under 
dead load. Hinge will be key ed in solid after rib has received full dead load. The 
basic theory of the tied arch, which is quite similar to that for the ordinary fixed-arch 
span, is explained in detail—D. E 

Inverted concrete siphons designed for irrigation projects. G. D. Hau. 
Concrete, July, 1931, V. 39, No. 1, p. 35-36.—One of the chief objections to use of 
inverted siphons i in irrig: ition dee ts hs as been overcome by use of transition walls 
at the entrance and outlet of siphons and by raising the top of the first_and last 
sloping sections slightly above the maximum water line of the canal.—N. H 

Short-cuts in structural design, shear and bending in wall footings. 
James R. Grirritu. Concrete, June, 1931, V. 38, No. 6, p. 35-38.—Reinforced con- 
crete wall footings are designed as cantilevers. A nomographic chart is given in which 
equations for length of footing projection in terms of allowable unit shear, depth of 
footing, and soil pressures are solved. The section for critical shear is taken at 
intersection of reinforcing and a 45-deg. plane from edge of wall. A second nomo- 
graphic chart gives depth of footing and area of steel when projection and soil pres- 
sure are known, based on bending moment, section taken at edge of wall.—N. H. R. 

Short cuts in structural design. James R. Grirritu. Concrete, August, 1931, 

’, 39, No. 2, p. 37-39.—A chart giving area moments of trapezoids about the face 
of the column when the projections and sizes of square columns are known provides 
a short-cut in design of square column footings.—N. H. I 

A study of the views of M. Freyssinet, designer and constructor of the 
ferro-concrete viaduct at Elorn-Plougastel, concerning ferro-concrete 
bridges of much greater spans. T. J. Guerirrre. Structural Engineer (England), 
June, 1931, V. 9, No. 6, p. 217-227.—Reinforced concrete arch bridge now named 
“Pont Albert Louppe’’ has three main arches 610 feet c. to c. with a rise of 115 ft. 
Concrete strength of 5,675 p. s. i. at 90 da. was obtained only after a rounded uniform 
sand was used in addition to sharp crushed quartzite sand first used alone. V are | 
was employed on a 1:1.5:3 mix in arches. While a crushing strength of 14,000 p. s 
for precast v ibrated concrete members is being obtained, it is of advantage to ror 
account of increased strengths which may be obtained by an intelligent use of trans- 
verse reinforcements. To understand this one must consider elastic and plastic de- 
formations and value of each. A consideration of elastic properties of metals and 
mechanics of laterally restrained compression members leads to conclusion that 
transversely reinforce “1 concrete is most suitable m: iterial for the realization of great 
spans, superior even to the best wires for suspension bridges. Economical timber 
centering may be constructed and handled as in case of the present bridge for spans 
up to 1,500 to 2,000 ft. or even more. Construction and h: andling of a single timber 
ce re used successively on each of three spans is described. Using concrete of 14,000 
p. 8. i., adequately reinforced transversely, weight of a reinforced concrete arch of 
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great span would be hardly half that of equivalent steel arch, and cost considerably 
lower. Reinforced concrete arch is superior even to suspension bridge.—V. P. J. 


BUILDINGS 


The new administration building of an insurance company in Frankfort 
a. M., Germany. H. Crarmer. Zement (Germany), April 30, 1931, V. 20, No. 18, 
p. 419-21.—Building, located near river Main, is 590.6 ft. long. Wing near river is 
four stories high; rest of building is low but supporting columns have been calculated 
for several additional stories. Skeleton is reinforced concrete structure. Ceilings 
are mostly made of hollow light concrete bricks. Foundation consists of several single 
foundations and partly of continuous concrete slabs. Entire structure is provided with 
a Terranova finish.—A. E. B. 

The use of cement for construction of buildings in the ‘‘Farm buildings”’ 
section of the German building exhibition in Berlin 1931. Bruno AurREeNpDs 
Zement (Germany), May 7, 1931, V. 20, No. 19, p. 440-2.— Light concrete bricks have 
become an important structural material for farm buildings. Twenty model buildings 
show competition between concrete and clay brick. Concrete water and drain pipes 
are exhibited. Special consideration is given to concrete storage silos.—A. E. B. 

Reinforced concrete ceiling with 52.5 ft. span of unique design. SrepyHan 
Szecor. Zement (Germany), May 7-14-21, 1931, V. 20, No. 19-20-21, p. 449-50, 
472-6, 502-5.—Ceiling covers room which is 164.0 ft. long and 52.5 ft. wide without 
any supporting columns. It rests on system of diagonally arranged cross girders each 
of which is 25.6 in. high and 11.8 in. wide. Distance between parallel girders is 11.9 
ft. Reinforced concrete slabs are 4 in. thick. Explanation is given of static calculation 
of ceiling and stresses occuring in net of cross girders, with dimensions and reinforce- 
ments of each single member. Proportioning of concrete and details of forms and 
concreting are described.— A. E. B. 

Frame tables. ‘‘Rahmentafeln.”’. Fuxuner TakasBeya. Royal Hokkaido 
University, Sapporo, Japan, 1930, Julius Springer, Berlin (Germany), 186 illustra- 
tions, 117 pp. R. M. 17.00. Reviewed in Bauingenieur (Germany), January 16, 1931, 
V. 12, No. 3, p. 62.—Constructive design of frame structures plays important role in 
modern construction methods, especially in reinforced concrete construction. First 
part of book deals in 2 chapters with rectangular frames with vertical load. Calcula- 
tions are extended to most complicated systems. Closed symmetrical rectangular 
frame with uniformly distributed interior and exterior load is treated in second 
chapter. Second part of book contains 95 frame tables for several kinds of frame 
designs, explained by great number of examples.—A. E. B. 

Garage building ‘‘Eiffestrasse’’ in Hamburg (Germany). Zement (CGer- 
many), May 14, 1931, V. 20, No. 20, p. 480-2.—Modern reinforced concrete garage 
with parking and service facilities for 100 cars is located in large basement structure 
It is 295 ft. long and about 82 ft. wide. Building is fireproof and well ventilated. 
Floor consists of 6 in. layer of concrete with 1.2 in. cement topping. It rests on 26 to 
33-ft. reinforced concrete piles. Supporting columns of garage are spaced 20 ft. apart 
eo built entirely of reinforced concrete and provided with 3 expansion joints. 
A. E. 

Concrete walls for earthquake bracing of tall buildings. Norman Green. 
Eng. News Record, September 3, 1931, V. 107, No. 10, p. 364-366.—Substantial 
economy in designing earthquake-resistant construction for tall buildings can be 
effected by using rigid reinforced-concrete wall bracing in place of steel portal framing. 
Building assumed for comparative study was 100 ft. square in plan, 30 stories high, 
with basement, of steel-frame office type, with uniform square panels of 19 ft. 2 in. 
The first story is 20 ft. high, and the others are 12 ft. Beam-and-slab floor construc- 
tion was used, with 13-in. brick curtain walls. In proposed method of rigid wall 
bracing for this building exterior wall from second floor up is designed to act as a unit 
in resisting lateral forces. Since first story is much higher than others and usually 
has alternate piers omitted, it is more practicable to carry lateral shear into structural- 
steel frame at second-floor line and to neglect stiffening effect of walls below this point 
Steel frame above second-floor is designed to resist dead and live loads only. A 
comparison of the cost. of this type of ouilding with that of usual type in which all 
lateral force is carried by steel portal bracing in exterior wall bents indicates a saving 
of at least 6% on total cost of building. The practicability of proposed method ot 
construction depends largely upon maximum unit stresses permitted in design. For 
steel there is no permanent injury until the yield point has been exceeded, and it is 
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proper to consider 40,000 p. s. i. as limiting stress for all loads, including assumed 
earthquake force. Concrete compressive stress should be limited to about 60% of 
ultimate, since numerous tests indicate that for many repetitions of stress there is no 
increase in maximum deformation or other evidence of permanent injury up to this 
limit.—D. E. L. 


DAMS 


Directions for design, construction and upkeep of dams. ‘‘Anleitung fur 
den Entwurf, Bau und Betrieb von Talsperren.’’ 1930, Communication of 
the Deutscher Wasserwirtschaft und Wasserkraft Verband, Berlin (Ger- 
many). Reviewed in Bauingenieur (Germany), January 16, 1931, V. 12, No. 3, p. 
60.—Proposed tentative standard specifications for construction of gravity dams 
(broken stone or concrete), arch dams, multiple arch dams, dams of special designs 
and weirs are given and discussed. General calculation methods are described. Book 
deals further with construction and construction control and testing of finished 
structures.— A. E. B. 

Underpressure and curvature in gravity dams. J. Huspanp. Structural 
Engineer (England), Mar. 1931, V. 9, No. 3, p. 100-116.—Early British dams, 
notably Vyrnwy, Derwent, and Elan valley, provided for underpressure in design 
and construction. Infinite number of possibilities of uplift conditions make exact 
predetermination impossible. Erroneous conclusions may be drawn from leakage as 
quantity of leakage is immaterial. Pre-treatment of foundation should aim at 
greatest tightness in only a portion of base. Observation of actual pressures exhibit 
existing conditions at the moment beneath particular dams but cannot contribute 
much to establishment of general or safe rules of practice. On stratified rock under- 
pressure may be effectively and economically eliminated by the use of cut-off trench 
and grouting near upstream face together with drainage provision in the remainder 
of the foundation. Dense upstream face of dam and drainage within is desirable but 
a very tight downstream casing might be disastrous. Kensico and Bull Run dams 
illustrate American practice and certain faults. Curvature in plan of gravity dams 
introduces features of questionable value. Strong curvature probably contributed to 
failure of west wing of St. Francis Dam. Straight gravity dam stands in a class 
alone.—V. P. J. 

Cellular corewall used in Silvan Dam, Australia. JAN M. SuTHERLAND. 
Eng. News Record, Sept. 3, 1931, V. 107, No. 10, p. 377-378.—-Although cellular core- 
walls for embankment dams are unusual, a wall of this type has been incorporated 
in Silvan Dam of water supply system of Melbourne, Australia, now nearing comple- 
tion. Main body of dam is entirely built of carefully compacted earth fill. Upstream 
slope is beached with spalls over smaller stone, downstream slope is covered with soil, 
and there is a small rockfill toe at foot of downstream slope. The corewall is of con- 
crete reinforced continuously at both faces with 1%4-in. diameter mild steel rods at 
12-in. centers both ways. There are no contraction joints. continuous construction 
being considered preferable. Thickness of corewall on upstream side of shafts is 
1 ft. at top, with a batter of 1 in 60 at each face. Shafts 3 ft. in diameter are con- 
structed in the corewall at 4 ft. 6 in. centers and are closed at top with movable 
reinforced-concrete covers 40 in. in diam. and 4 in. thick. The bottom ends of shafts 
are connected to a drainage gallery. Gallery is drained at its lowest point into a 
concrete conduit 14 ft. in diameter, from which drainage can be discharged to down- 
stream toe of dam.—D. E. | 

Ariel dam on the Lewis River. Lyman Griswo.p. Civil Engineering, Sept. 
1931, V. 1, No. 12, p. 1115-1117.—Ariel hyro-electric development of Inland 
Power and Light Co. on the Lewis River, Washington, is the first of a series of 
projects designed to utilize the waters of this river. Height of dam and amount of 
machinery to be installed were governed largely by conditions which will exist when 
other plants are constructed and general plan of development is carried out. Dam 
has an over-all length of 1,300 ft., which includes an areh 750 ft. long and a 
gravity section, including a thrust block 550 ft. long. The arch is of thin type, 
radii varying from 157 ft. to 396 ft. Tops of parapets are at elevation 240, and lowest 
part of dam at elevation —73. The over-all maximum height is 313 ft. Top width 
is 26 ft., which includes a small overhang on the reservoir side and one of 6 ft. down- 
stream. At elevation 220 the thickness is about 20 ft. This thickness is not uniform 
but varies throughout the length of the arch, being in general thicker at the abut- 
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ments than at the center. In general, the dam was constructed in sections or blocks, 
each 30 ft. in length, adjacent blocks being separated by slots 2 ft. wide. These slots 
were left for the purpose of increasing the rate of dissipation of heat to obtain a 
satisfactory temperature drop before closing. An inspection gallery is located 10 ft. 
downstream from upstream face of dam, and extends throughout gravity block. It 
is provided with the usual vertical drains leading to the top of the dam and with 
the customary relief pipes extending into the rock foundation. Coarse and fine 
aggregate were obtained from river bed, with a dragline bucket. The material was 
separated into three grades—sand, pebbles, and cobblestones. After these materials 
were separated, graded, and washed, they were deposited in separate stock piles. 
More than 300,000 cu. yd. of concrete had been placed before there was a cubic yard 
of excess of any of the three, so nearly perfect had been the work of nature in propor- 
tioning the materials.—D. E. L. 


MISCELLANEOUS 


Theory of residues in elastic structures. F. Santos Reis. Constructeur 
ciment arme, June, 1930 to July, 1931.—Treatise emphasizes a revision of design in 
accordance with modern theories, notably that of residues. Old theories of strength 
of materials do not permit us to judge errors they imply, as no indication is given 
of degree of such error. Thus Bertrand de Fontviolant has demonstrated by modern 
process, the general equation of elasticity, that old theory caused errors greater than 
20% in computation of deflection of beams. Same is true of columns, which have 
been studied by Lagrange and Euler. De Fontivolant has shown that their elastic 
axis is not an elastic line, and that it differs from such to an extent making a sinus 
curve of no use as an approximation of it. The theory of residues and deductions 
from it which have given rise to theorems of Betti, Lévy, Maxwell, de Fontviolant, 
Castigliano and Menabrea form a unified whole, on which design should be based. 
Its practical applications will be taken up by M. Merciot in the future.—M. A. C. 

The water station Gerauer Land and its water tower near Gross-Gerau in 
Hessen (Germany). Brusius AND GUENTHER. Zement (Germany), July 9, 1931, 
V. 20, No. 28, p. 657-60.—Reinforced concrete skeleton structure of water tower is 
147.6 ft. high and 49.5 ft. in diameter. Load of water tank of 17,658 cu. ft. capacity 
rests on 2 concentric rows of reinforced concrete columns. In inner row which con- 
sists of 4 columns are located water pipes and elevator; outer row consists of 8 col- 
umns. Round reinforced concrete slab serves as foundation. Seven floors are built 
at distances of 13 ft. Bottom floor of tank shows heavy reinforcements. Restaurant 
and platforms are located on top floor.—A. E. B. 

The economy of reinforced concrete columns with and without spiral 
reinforcings under consideration of bending stresses. Rosert Haver. Ze- 
ment (Germany), Apr. 30, 1931, V. 20, No. 18, p. 414-15, 418-9.—Columns with spiral 
reinforcings are about three times as efficient as columns with longitudinal reinforc- 
ings. All rods in first kind are statically effective while clamps in ordinary columns 
can not be considered in static calculations. Fact that only concrete core and 
not outer concrete ring layer has bearing capacity is unfavorable; 15 to 25% of total 
concrete is ineffective. Furthermore, spiral reinforcings necessitate more labor and 
cause greater costs. Most favorable conditions for either one of columns are pointed 
out and their economy is analyzed mathematically.—A. E. B. 

Reinforced concrete bridges. A. L. L. Baker. Concrete Constr. Eng. (England) 
June, 1931, V. 26, No. 6, p. 342-53.—Unlike usual method of design author considers 
that slab is carried by non-rigid longitudinal supports, that any transverse strip acts 
as a continuous beam over supports whose levels vary according to stiffness of slab 
and beams, and that relative stiffness of slab and beam determines proportion of 
load taken by each beam. Theory is presented considering above factors and 
examples illustrate methods of obtaining maximum moments in beams and slab.- 
J.M 


Design of silos. W.S. Gray. Concrete Constr. Eng. (England), May-June, 1931, 
V. 26, No. 5-6, p. 303-10, 373-377.— Methods of calculation for shallow bunkers are 
incorrect where dimensions are such that plane of rupture does not pass out of 
material filling bunker before it intersects side wall. Three formulae by Jannsen, 
Koenen and Airy are derived from principles of statics and a consideration of the 
frictional force on the walls. Curves plotted for guides in using the formulae. Results 
of experiments are given which are unsatisfactory for materials stored in reinforced 
concrete silos. Results given by Jannsen’s formula disagree with experiments. In- 


























ABSTRACTS October, 1931 41 


consistencies in results possibly explained by different methods of testing. Airy’s 
formula for the pressure produced on the walls of a silo is given and illustrated by 
an example. Method of applying Jannsen’s formula to the design of a concrete silo 
is presented. Tables are given to aid in design.—J. M. 

Combined bending and direct forces. C. E. Rrynoups. Concrete Constr. 
Eng. (England) July, 1931, V. 26, No. 7, p. 402-11.—Curves facilitate computation 
of stresses produced on reinforced concrete members subjected to simultaneous 
action of bending moment and direct thrust or pull. Method is applicable to a rec- 
tangular section. Limits of application: (1) Section rectangular or reducible to an 
equivalent rectangular section. (2) Direct force either a thrust or a pull. (3) Ratio 
of bending moment to direct force must be such that both tensile and compressive 
forces are produced simultaneously on the section. Ordinary methods can be used 
for more simple cases of stresses wholly tensile or compressive. (4) Section can have 
any percentage of compression steel or none. (5) Distance from compressed edge of 
section to centroid of compression reinforcement 1/5 to 1/20 of effective depth. (6) 
Ratio of elastic moduli between 6 and 15. Basis of method is that bending moment 
and direct force are known and details of section are given or assumed. Equations 
are derived and curves plotted from which stresses can be calculated. Design pro- 
cedure used in selecting suitable concrete sizes and steel areas is explained.—J. M 

The power station Waggital. ‘‘Das Kraftwerk Waggital.”’ 1930, editor: 
Kraftwerk Wiiggital ss G., Siebnen Seog ys R. M. 12.00. Reviewed in Bauin- 
genieur (Germany), Jan. 16, 1931, V. 12, No. 3, p. 59.—Book deals with historical 
development, different designs, orgs Bi ey construction, arrangement of structural 
materials at site of construction, engines and distribution equipment, examination 
and test of structure and finally installation of power house.—A. E. B 

Investigation of the effect of the concrete mixture in the ‘tension zone of 
reinforced concrete beams. A. PoGany. Zement (Germany), July 9, 1931, V. 
20, No. 28, p. 663-4.—Resistance of reinforced concrete mass to tension is generally 
not considered in calculations of normal structures. Based on own experiments with 
reinforced concrete beams, author suggests use of leaner mixtures in lower part of 
horizontal concrete beams in which only tension stresses occur. Beams of this 
nature broke when loaded only on account of shearing stresses while no cracks were 
observed in lower zone of beams. Saving in cement can be made but necessity of 2 
concrete mixers at site of construction is unfavorable.—A. E. B. 

Report of the Building Research Board for the year 1929. Dept. of Scien- 
tific and Industrial Research, 1930, London (England). Price 2 s. 6 d. 
Reviewed in Bauingenieur (Germany), Jan. 23, 1931, V. 12, No. 4, p. 78.—Present 
yearly report states development of building research and gives results of several 
individual investigations. A number of measuring and testing methods of Institute 
with structural materials of all kinds are described.—A. E. B 

Construction mechanics of super structures. ‘‘Baumechanik der Hoch- 
baukonstruktionen.’’ Nixotaus RAUBAL AND WILHELM EFFENBERGER. Franz 
Deuticke, Vienna and Leipzig (Germany), 314 illustrations, 32 tables, R. M. 14.60. 
Reviewed in Bauingenieur (Germany), Jan. 9, 1931, V. 12, No. 2, p. 41.—Two main 
sections of book deal with general mechanics and statics. Theoretical foundations 
for calculation of superstructures are explained. Numerous examples illustrate best 
suitable dimensions for structural members and whole structures. Examination of 
stability of supporting walls and calculations of vaults and cupolas are included. 

A. E. I 

Cutting corners in concrete structural design. J. R. Gorrz. Concrete, 
September, 1931, V. 39, No. 3, p. 23-24.—-A marked slide rule method of design for 
slabs and simple beams with balanced reinforcing is given, with short table of con- 
stants, flexural properties of concrete, allowable values of concrete and steel stresses. 
Author explains and illustrates method of marking indicator glass of slide rule so that 
design may be made very rapidly. Tables and charts are unnecessary.—N. H. R. 

Design and spacing of stirrups with convenient chart. ALBERT PERBAL. 
Concrete, September, 1931, V. 39, No. 3, p. 28-29.—The author designs stirrups for 
beams as a group instead of individually. The design chart employing size of beam, 
end shear, and span may be used for several values of stirrup stress, concentrated or 
uniform loads, different size wire, or multiple branch stirrups. For any design prob- 
lem, chart gives more than one size of stirrup with corresponding spacings allowing 
very rapid design.—N. H. R. 
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Concrete. B. G. ScramtTarEv. Bul. 4,* State Institute for Scientific Concrete Re- 
search, Leningrad (U. 8. 8S. R.), 1931.—This (fourth) edition containing test results 
obteined on concrete at Laboratory of Ukrainian Structural Institute, not only 
reveals special characteristics of materials available in the Ukraine, but supplies many 
a noteworthy point in connection with the general theory of concrete design. Tests 
made during 1929-30 under direction of N. Beliayev, Director of the Institute, with 
B. G. Scramtaev in charge, dealt mainly with compression strength of concrete tested 
under varying conditions. Tests were executed in codperation with largest structural 
enterprises of the Ukraine, such as Dnieprostroi and many others. Present report 
covers results of 2000 tests. Research work was carried out for double purpose of 
supplying a guarantee of actual strength of concrete and of reducing cost of concrete 
work without impairing its safety. References take cognizance of the more important 
work in every country. Abrams’ theory and methods form basis of test program. 
Their adjustment to local Ukrainian conditions was established. Simultaneously it 
was desired to deduce simplest possible method of design and control of concrete 
mixes. The “Abrams cone” or slump test, the flow table, as used in the United 
States and Germany, and the fineness modulus are discussed. The entire terminology 
is borrowed from American sources. As the slump test appeared somewhat uncertain 
due to careful handling required, effect of personal equation, divergent results with 
increased water content due to distribution of coarse aggregate, restriction to a 
limited range of consistencies and indirect measurements with detached scale, a new 
device, the “Scramtaev table’ was designed and used for measurements of con- 
sistency. It consists of two superimposed boards, connected by a hinge. Upper 
board has a coating of sheet tin and a handle. A scale, graduated in degrees is attached 
to the lower fixed board. A three-liter sample of concrete is placed on the upper 
board, which should be wiped dry; the sample is patted to a diameter of about 12 in. 
The upper board is then raised gradually, avoiding jarring. The angle, at which the 
entire concrete mass begins to slide, is recorded as a measure of consistency. Effect 
on concrete compression strength of quantity of mixing water, consistency, brand of 
cement (several plants of Southern Russia), age of specimen, character of sand, 
organic impurities (Abrams-Harder test), clay in sand, varying origin of coarse 
aggregate, addition of crushed brick to coarse aggregate, coarse particle sand, 
grading of coarse aggregate, size of coarse aggregate in connection with varying size 
of specimen, was tested and forms the contents of Chapter 1. Chapter 2 deals with 
design of concrete mixtures and supplies diagrams. Chapter 3 is devoted to control 
of concrete on the job. A new field method of determining water-cement ratio and 
moisture content is described. Water-cement ratio is established on samples of 
concrete leaving the mixer. Forms of notes to be kept daily on a concrete job are 
appended.—M. A. C. 


Stresses and strains in reinforced concrete columns. F. E. Ricuarr. Re- 
pert N. I. A. T. M. (Switzerland), September, 1931, 28 p.Function of spiral rein- 
orcement is simply to provide lateral restraint for concrete column core which has 
reached a stage of plastic deformation. Under an applied load, stress in spiral will 
become just sufficient to maintain concrete in plastic equilibrium. Relation between 
unit load and lateral restraint is nearly linear. In a new investigation of reinforced 
concrete columns, a cylindrical shaft with milled ends of reinforcing bars flush with 
concrete bearing faces was adopted and used in over 300 tests. Tests of columns 
under rapid loading substantiate previous conclusions that column strength is 
function of ultimate concrete strength, yield point stress of longitudinal and a useful 
limit stress of spiral reinforcement. Reinforced columns held under constant design 
load for 5 months shortened appreciably due to shrinkage and plastic flow. Increases 
as great as 14,600 p. s. i. in longitudinal steel stress were noted. Flow and shrinkage 
effects were far greater for columns in air storage than in moist storage. After one 
year of sustained loading columns are to be tested to failure to study significance of 
1igh initial stresses induced in longitudinal steel.-F. E. R. 

New mountain railroad has 6200-ft. tunnel. L. M. Jorpan. Eng. Con., 
March, 1931, p. 113-116.—Construction work is in progress on several structures of 
the new L. & N. R. R. link between Chevrolet, Ky., and Hagans, Va. One of four 
tunnels is 6200 ft. long and is lined with concrete. An unusual structure is a com- 
bination waterway and road underpass. It is a double deck concrete structure con- 


*Note: The first edition of this booklet appeared in the Ukrainian language, and was published in 
Charkov by the Government Press.—TRransLaror 
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sisting of two 8 by 8-ft. water passages immediately below a 20-ft. road underpass 
14 ft. high. In this manner two tracks, a highway underpass, and a controlled creek 
were confined to a narrow space.—N. H. R 


ARCHITECTURAL DESIGN 


Maison de la Mutualite. D. Cantor. Génie Civil (France), June 27, 1931, V. 99, 
No. 26, p. 633. This building, designed by Lesage and Miltgen, architects, covers a 
total area of about 22,000 sq. ft. and comprises basement, sub-basement, ground floor, 
mezzanine and five other floors, housing offices. <A hall, 120 by 90 ft. -» S€% iting 2,500 
persons, extends from first basement through ground floor and mezzanine. Only two 
( ‘olumns were permitted, making it necessary to bridge without intermediate supports 
an area 108 by 65 ft., building on floors immediately above a banquet hall, 120 by 77 
ft. with two exposed. supports only. Compagnie Frangaise d’Entreprises, in charge of 
reinforced concrete design and erection of building, used two reinforced concrete 
girders with a span of 70.5 ft. at a height of 55.8 ft., spaced 54 ft. These girders form 
ceiling of hall and each carries three heavily loaded columns supporting upper four 
stories. Girders were designed by the grapho-analytical method, taking into ace rount 
variation in moment of inertia. The total load transmitted to each girder was 2,097 
tons. The maximum negative moments at built-in sections were: M,; = 10,728,000 
ft.-lb. and Me = 9, rt. 000 ft.-lb. Positive moment to right of concentrated load of 
600 tons was M = 18 8,576, 000 ft. lb. The maximum shear was 264,000 Ib.—M. A. C. 


About the Bethe a and aesthetic design of — structures. OrTo 
Brevigk. Zement (Germany), May 21-28, June 11, 1931, V. 20, No. 21-22-24, p. 
496-8, 520-4, 568-74..-Author gives rather compre shensive p ription of aesthetic 
principles of bridges, chiefly concrete bridges. Arch of arch bridges is bearer of 
supporting principle; roadway is connecting link. Architectural design and aesthetic 
value of numerous antique and modern bridge structures are critically examined, 
with well selected illustrations. Arch bridges, multiple arch bridges, girder bridges 
and few steel structures are discussed.—<A. E. B. 


Concrete plastics. R. Scumipr. Zement (Germany), July 16, 1931, V. 20, No. 29, 
p. 682-5.—A number of wonderful concrete plastics made by artist Richard Kuéhl 
include ceiling and columns of Chile-house in Hamburg (Germany), entrance to 
children hospital in Rothenburgsort (Germany), 2 house front decorations and 
several park plastics of figures of fairy tales. High aesthetic value of plastics is 
emphasized. Method of concreting and surface treatment are mentioned.—A. E. B. 


The aesthetic of reinforced concrete buildings. LupwiG HILBERSEIMER. 
Zement (Germany), May 7, 1931, V. 20, No. 19, p. 445-8. Developments and designs 
of reinforced concrete cupolas are demonstrated with several examples and criticized 
from aesthetic viewpoint. Typical example is century hall in Breslau (Germany), a 
system of arched reinforced concrete ribs which are connected by 1 center ring and 1 
ring-shaped foundation. Several rings in between prevent ribs from bending. Hangar 
for dirigibles in Orly was built by Freyssinet and is of corrugated wall type. Method 
is very effective from static and economic standpoint. New principle was used for 
construction of planetarium cupolas; walls and supporting columns are not separate 
units but thin walls take up all stresses. Food storage house in Leipzig (Germany) 
which covers area of 250 by 250 ft. without any supports, was built by applying same 
principle. Use of concrete and reinforced concrete allow architect greater variety of 
forms and combinations than any other structural material.—A. E. B 


A reinforced concrete stairway of unique design at the German Building 
Exhibition 1931. W. Nakxonz. Zement (Germany), June 4, 1931, V. 20, No. 23, p. 
542-5.— Architectural design of winding stairway of enormous dimensions, demon- 
strating at German Building Exhibition what can be done with concrete, shows unique 
features and is extremely interesting from static viewpoint. Structure has shape of 
mushroom. Stairway starts normally and increases its diameter with height. It has 
eliptical cross-section; diameters are 31.5 and 39.7 ft. on top floor. Stairs are 6.6 ft 
wide. Statice calculation was based on combined action of horizontal spiral of stairs 
ind vertical spiral of walls. Thickness of concrete walls is 7.9 ft. at bottom and de- 
creases slowly to 3.15 in. at top of structure. Entire building consumed 40 cu. yards 
of concrete placed continuously in 10 hr. shift. High early strength cement and high 
quality aggregates were used.— A. E. B 
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A church made of concrete bricks. Zemenit (Germany), May 21, 1931, V. 20, 
No. 21, p. 506.—Church of remarkable architectural design, recently finished in 
Paris, France, is built almost entirely of shop-made concrete and reinforced concrete 
parts. Main body of church is 134.5 ft. long and 30 ft. wide. Fundamental structure 
consists of a number of arched beams with cross-shaped section. Ceiling is built of 
concrete slabs 20 ft. long. Side walls are of similar construction. All slabs are re- 
inforced. Front of church is decorated with concrete plastics. Main advantage of 
system is possibility to build at any time of year.—A. E. B. 

Concrete, a precious material. Pavut ScumitrHENNER. Zement (Germany), 
July 2, 1931, V. 20, No. 27, p. 632-5.—Aesthetic effects can be produced with concrete 
only by using it correctly for plastics without losing its typical characteristics. It is 
wrong to consider concrete as an artificial stone and treat it accordingly as this 
destroys aesthetic value of natural surface and also decreases weather resistance 
enormously. Concrete must be cast. Method is more economic than working with 
stone, and reinforcements can be placed where nécessary. Best coloring is done with 
colored stone powders; paints can not be advised. Concrete plastics are not to replace 
— plastics and should be used only where its properties and character allow it.—A. 


German building exhibition 1931. Cement and concrete in the section: 
Modern construction methods. Zement (Germany), May 7, 1931, V. 20, No. 19, 
p. 437-40.—Various new construction methods and applications of cement and con- 
crete for modern buildings and structures are clearly illustrated in this exhibition. 
Durability of concrete and other building materials will be studied and compared 
during following years. Combination of glass and concrete, ‘Glasbeton,”’ is of great 
interest. Use of colored concrete bricks and tiles is shown. Great field of application 
of concrete and reinforced concrete is exceptionally well illustrated by a number of 
structures of unique design including concrete tower and spiral concrete staircase of 
enormous dimensions.—A. E. B. 


Protestant church of reinforced concrete. Zement (Germany), April 30, 1931, 
V. 20, No. 18, p. 416-7.—Church, now under construction in Berlin-Wilmersdorf, 
Germany, shows interesting architectural design. Thirteen 13.4 in. wide Gothic re- 
inforced concrete frames support roof structure. They are arranged 8.9 ft. apart. 
Openings of frames are 45.9 ft. wide and 63.9 ft. high. Church basement is 18.0 ft. 
high; its ceiling rests on a number of two-hinged reinforced concrete frame beams 
spaced 8.9 ft. Tower of church is 196.85 ft. high. Balconies are made entirely of 
reinforced concrete. Total of 1650 cu. yd. of concrete were distributed by means of 
concrete pump‘and no working platforms were necessary. High early strength cement 
in a 1:4.5 mix was used.— A. E. B. 


Thesis on the study of aesthetic design of reinforced concrete on the con- 
tinent. Part I. Haroun B. Rowe. Structural Engineer (England), June, 1931, V. 9, 
No. 6, p. 206-216.—Result of study of architectural treatment of reinforced concrete 
structures in five countries of central Europe is given as a succession of personal im- 
= with photographs of many types of buildings. In Belgium and Holland 

ulldings observed included features of gold leaf treatment of faces, architectural 
treatment with receding planes, facings of brick and tile, and various others. In 
Germany exhibition buildings, restaurants, recreational structures, markets, flats, 
hotels, stores, and business premises were observed. Part 2. July, 1931, V. 9, No. 7, 
p- 241-251.—Continued travel in Germany revealed further interesting structures, 
notably Centennial Hall in Breslau, designed by Max Berg, market halls erected by 
Messrs. Dykerhoff and Widmann in Leipzig which claim largest spanned areas of 
cupular construction in the world, and a number in Stuttgart. Zurich, Switzerland, 
provided interesting examples of reinforced concrete together with economic data 
which showed construction of stone facing on r. c. to be 30% cheaper than steel 
framework. France contributed a final group of studies similar to those already 


named.—V. P. J. 
FIELD CONSTRUCTION 
BRIDGES 


The Albert Louppe bridge over the Elorn near Plougestal, France. Orro 
SyFFERT. Zement (Germany), May 21-28, 1931, V. 20, No. 21-22, p. 498-502, 524-7. 
Plougestal bridge with its 3 enormous reinforced concrete arches of 110.2 ft. rise and 
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584.0 ft. span each is reinforced concrete bridge with greatest span in world. It was 
finished in October 1930. Location of sound rock in river bed certain distance off 
shore made 3 equal arches most economical design which necessitates only one 
centering for all 3 arches. Roadbed is of 2-story type, 26.5 ft. highway over upper 
story and railroad on lower structure. Each arch consists of 2 box-shaped hollow 
reinforced concrete ribs 23 ft. high at abutments and 16.4 ft. at crest. Each rib is 
8.2 ft. wide and walls are from 9.8 to 27.6 in. thick. Distance between ribs is 14.8 ft. 
and is filled by thin walled reinforced concrete slabs. Foundations were placed by 
means of caissons. High alumina cement was exclusively used for under-water 
work. Centerings were built on shore and floated into place after ends of arches were 
started at abutments. Two steel towers were erected at each end of bridge and 
connected with steel rope from where structural materials were distributed. Con- 
creting and phases of construction, calculation of stresses and movements of structure 
are presented in details.—A. E. B. 


BUILDINGS 


Wire forms. F. ScHNEmDER-ARNOLDI. Zement (Germany), June 18, 1931, V. 20, 
No. 25, p. 590-3.—Experiences with wire forms made during construction of 7 two- 
story dwelling houses, each being 262.5 ft. long and 30 ft. deep, showed excellent 
resulta and high economy of new method. (cf. Zement (Germany), Sept. 25, 1930, 

19, No. 39, p. 922-4; Journat A. C. L., Dec., 1930, V. 2, No. 4, Abstracts, Pp. 112.) 
Forms were made of wire netting mounted on ‘wooden frames; size of wire is ;¢ in. 
and openings of meshes are 14 in. Dimensions of frames are determined by height of 
stories and width of windows through which inner forms are passed w hen structure is 
eee Economy of system compared with wooden forms is clearly demonstrated. 

1 of construction, easy transportation and assembling of forms, great uniformity 
of light concrete mass and perfect control of its structure are emphasized. —A. B. E. 

About precast reinforced concrete structural parts for construction of 
solid ceilings. Hersst. Zement (Germany), July 30, 1931, V. 20, No. 31, p. 720-4.— 
Advantages of precast reinforced concrete parts for floors are: (i) Great uniformity 
of product made under well controlled conditions in shop with adequate equipment 
and without disturbing setting process of concrete. (2) Parts are well hardened and 
dry which fact speeds up construction and enables early use of building. (3) No 
forms are necessary at site of construction and floors can be used as working plat- 
forms. <A special type of floor slab is described which is distinguished by its ingenious 
design and practical features for fastening floor covering and plaster ceiling. Dimen- 
sions and reinforcements are illustrated.—A. E. B. 

MISCELLANEOUS 

Wink of ‘‘electric eye’’ controls batch weights in Ohio concrete plant. 
Mart F. Beisper. Pit and Quarry, August 12, 1931, V. 22, No. 10, p. 51-56.—The 
new Hunt Street plant of Cincinnati Builders’ Supply Co., features pneumatic un- 
loading of bulk cement, steam-heating of aggregates during storage in bins, and photo- 
electric-cell control of cement flow to weighing batcher. Capacity 375. cu. yd. per 
day.—A. J. H. 

Lining of shield tunnels with precast concrete blocks. H. Griese. Zement 
(Germany), June 18-25, 1931, V. 20, No. 25-26, p. 593-6, 617-20.—Use of concrete 
block linings for tunnels is illustrated by describing method of construction of New 
York subway tunnel (cf. Eng. News Rec., Nov. 20, 1930, V. 105, p. 796). Dimensions 
of blocks and method of placing them is given and advantages of method pointed out. 

A. E. B. 

Construction engines at German Building Exhibition in Berlin 1931. 
R. Taytor. Zement (Germany), June 18, 1931, V. 20, No. 25, p. 598-600.—A descrip- 
tion of construction equipment including excavators, concrete mixers, concrete 
proportioning equipment, machines for road construction, gasoline and other engines, 
steel sheet and concrete pilings, pile-driving equipment, steam shovels, tower cranes, 
elevators, concrete distributors, conveyor belts, concrete pumps, compressed air drills 
and equipment for cutting and assembling wooden forms.—<A. E. B 

Why reinforced concrete skeleton structures? Zement (Germany), June 25, 
1931, V. 20, No. 26, p. 620.—Advantages of reinforced concrete skeleton structures 
are: (1) Ability to change interior arrangement of building without great recon- 
struction costs. (2) Walls can be built thinner thus making most of available con- 
struction space. (3) Monolithic structure of columns and floors is highly resistant 
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against shock, explosions and earthquakes. (4) Buildings are fireproof. (5) Solid 
floors are more resistant against mechanical actions and have better insulating 
properties. (6) Short construction periods. (7) Changes in design are easily carried 
out during construction. Great variety of forms can be built. (8) Reinforced con- 
crete is highly weather resistant and can be used without any surface finish. ey Low 
freight rates and costs of structural materials make method very economic.—A. 


Reports on experiments of the Austrian Committee for reinforced con- 
crete. ‘‘Mitteilungen uber Versuche, ausgefuhrt vom Osterreichischen 
Eisenbeton Ausschuss.’’ 1931, editor: Osterreichischer Ingenieur und Architekten 
Verein, Vienna (Austria), publication No. 12, R. M. 6.50. Reviewed in Zement (Ger- 
many), May 28, 1931, V. 20, No. 22, p. 528. —Four parts deal with: (1) Construction 
control of concrete and reinforced concrete structures. Tests with control beams are 
found to be of equal value with test cubes for determination of compressive strength 
of concrete. Method has been worked out and included in standard specifications for 
reinforced concrete. Test equipment must be kept on site of construction. Necessary 
instructions are furnished to contractors. (2) Column tests. Information concerning 
strength and reinforcements of concrete columns has been obtained by tests by 
Emperger. Similar tests are conducted by Dutch Concrete Association. (3) Harden- 
ing of concrete at later ages. It was found that 28-da. strength is not sufficient for 
many structures. (4) Effect of fire and high temperatures on structural materials. 
Comprehensive experiments were made to study behavior of structures built of con- 
crete and other building materials.—A. E. B. 


Modern installations for transportation of concrete. A. BoNWeTscH. Ze- 
ment (Germany), June 4-11, 1931, V. 20, No. 23-24, p. 547-51, 574-6.— Modern dis- 
tribution machineries and arrangements built and used mostly in Germany are clearly 
described. Installations are classified according to material to be handled and con- 
struction jobs. Cable cranes, traveling cranes and distribution towers for large jobs 
such as dam and retaining wall construction, road construction concreting and sur- 
facing machines are shown and their advantages and applications discussed with 
examples of practice. Equipment to handle concrete forms and other building 
materials and structural parts is outlined, including conveyor belt for transportation 
with continuous concrete mixer. Concrete pump is coming more and more into use 
jn Germany.—A. E. B. 


Reinforced concrete lining for mines, system Adolf Baron. E. Wesrruat. 
Zement (Germany), June 18, 1931, V. 20, No. 25, p. 596-8.—Advantages of system are 
described as follows: Lining consists of many reinforced concrete sections which can 
be made in shop and which are easily assembled. System is flexible enough to take 
care of uneven earth pressure. Savings in time and labor are made in placing of pipe 
lines in interior of mine. System has gre: . durability and reinforced concrete parts 
can be used again in other places.—A. E. 

Assembly, erection and removal of standardized metal forms. B. E. 
WittscuHeck. Concrete, July, 1931, V. 39, No. 1, p. 9-11.—Standard metal units 24 in. 
square were employed on high school job, with fractional units 24 in. high in widths 
including every inch from 2 to 8 in. and every even inch from 8 to 22 in. inclusive. 
The units were aligned by means of 2 by 4 in. horizontal and vertical liners. Liners 
were fastened to form units with steel hooks. In erecting forms for the first time, 
form units were placed in position one at a time, following along closely with the 
horizontal liners. Vertical liners were placed soon after the first course was in posi- 
tion. On straight wall it is possible to take down sections of about eight plates along 
a course, with the horizontal liners clamped in place, and so erect the section intact. 
Such as retaining walls, where concrete is in large masses and the structure involves 

“straight-away’’ construction, it would be economical to provide the necessary 
rigging to handle the assembled forms in large panels. Bracing held wall forms in 
yroper position and prevented vibration due to concrete placing. Bulkheads were 
Oo t into forms at end of contemplated run. Concreting plant consisted of usual 
hoist and chute for delivering concrete to a hopper on a centrally located platform, 
from where it was distributed by buggies. It was economical to concrete about 80 
cu. yds. daily, spreading operations over about 12 days, and obtaining 5 uses of 
forms and liner material. ‘a B. 


Twenty ready-mixed concrete plants surveyed by investigator. EK. F 
McCreapy. Concrete, August, 1931, V. 39, No. 2, p. 17-19.—A fair representation of 
the ready-mixed concrete industry in the East and of its need for greater uniformity 
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in operation shown in tabulated form, indicates about an equal break between 
centrally-mixed and transit-mixed types of plants. The coming plant seems to be a 
combination centrally-mixed system for deliveries within three or four miles, and 
transit system for deliveries at a distance or where delay is likely. Plants of this type 
have a by-pass chute from the weighing batcher direct to the truck. There are 
several makes of truck bodies now built that work well for either mixing method. 
Best plants are easily adaptable to change. Improvements will continue in plan of 
plants, so that a plant which can be easily added to is the best paying one. The 
Reading Ready-Mixed Concrete Co. first built their plant under an old coal-unloading 
trestle and put in a little electric trolley to carry the cement, sand and stone from the 
various bins to the mixer. Inspection by outside unbiased laboratories is bec coming 
more prevalent. In the larger plants there is excellent control of every operation by 
an outside inspector. Managements of middle-sized plants incline more to regular 
inspection at longer intervals.—C. B. 

"0, Ne 2 ~~ of concrete work. Lresiiz H. ALLEN. Concrete, August, 1931, 
V. 39, No. 2, p. 21.—Steel bars are measured by lineal foot, each size being kept 
separate. Tot: al length of each size bar is then multiplied by weight per lineal foot 
and weights for respective sizes are tabulated. Allowances are made for lapping. 
The method of figuring steel for columns, beams and girders, and floors is illustrated. 
Vertical column steel will include height of column plus lap with second column steel. 
Length of each column hoop will be perimeter of core, plus 6 in. for lap. Price 
differentials are applied to smaller sizes and the taking off of mesh reinforcement is 
described. Cost of finishing is about $1.50 per 100 sq. ft. This varies with quality 
lumber used in form work or if spading of concrete is carelessly done. If specifications 
also call for surfaces to be rubbed with carborundum, add $4.00 per 100 sq. ft. for 
each rubbing. Top surfaces of floor and roof slabs are generally floated or finished in 
granolithic. Floating of roof slabs can be done for $2.00 per 100 sq. ft. Labor of 
mixing, placing and trowelling granolithic finish is about $5.00 to $6.00 per 100 sq. ft. 
If granolithic is laid after the slab has set, add $2.00 per 100 sq. ft. for picking and 
cleaning the surface of the slab. For outside finish which may be damaged by rain, 
add 50¢ to $1.00 per 100 sq. ft. for paper or sisalkraft protection.—C. B. 

Estimating cost of concrete work. Lestie H. ALLEN. Concrete, July, 1931, 
V. 39, No. 1, p. 14-16.—-Forms are measured by the sq. ft., and every square foot of 
concrete work touched by forms should be measured. The labor on form work varies 
in proportion to areas that touch concrete, not in proportion to lumber purchased for 
job. Estimator should refer to quantities of concrete and take off forms for each part 
that will require forming, starting with footings. The next form item will be founda- 
tion walls, for which both sides are measured. Methods and examples of determining 
other parts, including forms for columns, floor slabs, beams and girders, openings, 
stairs and floors are also given with erection costs for various parts. A good rough 
rule for estimating lumber on average job is 4 bd. ft. of lumber for each sq. ft. of 
surface contact, divided by the number of uses contemplated. In estimating, quantity 
required, speed of the job must be considered.—C. B. 

How to take quantities ~~ py oe floor construction. Cuas. S. Barr. 
Concrete, July, 1931, V. 39, No. 28.—The most accurate method is to figure the 
slab over the entire area as on the total thickness of slab and pan, and then deduct 
the volume of concrete displaced by the pans. Volume of pans ts obtained by multi- 
plying total lineal feet by volume per foot. This method takes care of all concrete in 
tees of T-beams.—C. B. 

ROADS AND PAVEMENTS 


Raising settled concrete pavements with air-driven mud pump. W. H. 
Roor. Concrete, July, 1931, V. 39, No. 1, p. 12-13.—The Poulter mud pump consists 
of following principal parts: A hopper for receiving earth, water and cement; a 
mixing chamber for mixing the materials; a receiving chamber for holding mud and 
delivering it to cylinders; pump itself, an outlet hose, and power plant. In raising 
slab, a 4-in. expansion joint is cut across the pavement at one end of settlement. 
Next, 2¢-in holes are drilled through slab, spac ing depending upon the location of 
cracks. Drilling i is with ordinary compressed air jack hammer and pavement breaker. 
When pump is started pressure of mud passing from 2! -in. hose to 2-in. outlet 
expands and holds it tightly in hole. Earth and cement are shoveled into receiving 
hopper and water is added. Material entering pump it is a soft grout, with moisture 
content of about 45%.—C. B. 
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Centrally mixed concrete wins place in highway construction. Concrete, 
July, 1931, V. 39, No. 1, p. 27-28.—Most significant trend in use of centrally mixed 
concrete in highway construction is part played by established commercial ready- 
mixed concrete plants. While only three make specific mention of use of such con- 
crete, these seem to indicate trend definitely. Missouri, Washington and Indiana 
report that concrete from central mixing plants has proven satisfactory. On the 
other hand, many states report entirely satisfactory results with portable central 
mixing plants set up as a part of the contractor’s concreting plant.—C. B. 


Highway department methods of curing concrete pavements. Concrete, 
August, 1931, V. 39, No. 2, p. 11-12.—Many state highway departments continue to 
favor the older curing methods such as ponding, wet earth and wet straw, though 
with but few exceptions they permit the use of commercial curing agents. Illinois 
reports use of calcium chloride on about 95% of paving work. Missouri uses wet 
burlap followed by calcium chloride surface application, some pondings, and straw 
at lower temperatures. Several report sat Giittice with calcium chloride used 
integrally. Louisiana uses wet earth and ponding at all times, and calcium 
chloride during December and the three ensuing months. North Carolina uses 
ponding, wet earth, and calcium chloride as an admixture. Bituminous coating, 
impervious membranes and sodium silicate are used in some states. General practice 
apparently is to cover the fresh concrete with wet burlap for the first 24 hrs., regard- 
less of what method may be employed after that. Wet earth was used exclusively 
on all 1930 contracts in Oklahoma and Oregon.—C. B. 


SHop MANUFACTURE 


Concrete pipes. ‘‘Betonrohre.’’ Riererr. 1931, editor; Zementverlag G. m. 
b. H., Charlottenburg, Germany, R. M. 1.80. Reviewed in Zement (Germany), Aug. 
13, 1931, V. 20, No. 33, p. 767.—Progress and new developments in concrete pipe 
manufacture are reported. Reports are given of experiences in practice. Field of 
application of concrete and reinforced concrete pipes is outlined and different manu- 
facturing processes are described. Book includes standard specifications for testing 
of concrete pipes, standard requirements and directions for laying pipe lines.—A. E. B. 


Profitable manufacture of concrete building units. Frep A. Sacer. Con- 
crete, July, August, 1931, V. 39, No. 1, p. 29-31, No. 2, p. 23.—Theoretically, grading 
with coarse aggregate of largest size practicable, and with all these large pieces of 
same size, and with resulting voids filled with next largest size that will fit in voids, 
and so on down to finest size, will require least amount of cement. This consideration 
is academic, in that at present the processes ordinarily used in making concrete will 
not permit of its full application. Principle may be approximated to advantage with 
materials and equipment available in any given plant. Suitable variation should be 
made in grading, when making different units. Technical requirements as to grading 
are, for a products plant, that the crushing and screening equipment, or the specifi- 
cations for purchase of prepared aggregate, shall be such as to provide suitable max- 
imum sized aggregate for any given unit of production and then proper proportioning 
with finer aggregate to get specified quality with minimum amount of cement. In 
general not less than a 5-minute mix is standard. Mixer capacity should be such as 
to turn out required amount of mixed concrete with at least a 5-minute period of 
actual mixing. To develop properly the strength of aggregate there should be 
numerous contacts between pieces of aggregate in all directions throughout mass. 
Steam curing methods including high pressure steam curing are in common use with 
satisfactory results. Measuring boxes, used either to control volume or weight, 
serve as accurate means to secure uniform proportioning of aggregates. Proper pro- 
portions of aggregates and cement must be determined by calculation and test runs, 
after which these proportions can be maintained by measuring devices and quality 
of product controlled so far as the mix is concerned. Uniformity of batch is best 
maintained where the water is measured. First discharge measured aggregates in 
mixer and allow 15 seconds for dry mixing. Add cement rather slowly, spreading it 
in mixer. Add water and continue mixing for allotted time. For plant capacity 
assumed, of 1200 8-in. units per day, a rate of 240 units per hour may be taken as 
the normal maximum rate of production. For a uniform product, compacting should 
be uniform throughout mass of unit. Uniform rate of feeding can be obtained with 
one of several types of automatic or semi-automatic feeders available.—C. B. 























ABSTRACTS November, 1931 19 


MATERIALS 
ADMIXTURES 


Three investigations about the effect of water upon cement. A. POULSEN. 
Ingenioren (Sweden), 1931, No. 50, p. 595-8.—Effect of admixtures on resistance of 
cement against dissolving ‘of lime is studied. Influence of crabon dioxide content 
of water and chemical reactions between alumina and lime water are discussed. 
A. E. B 

Diatomic earth in the building trade. \V.CuHarrin. Lev. materiaux construc- 
tion Trav. publics. (France). August, 1931, No. 263, p. 336-338.—A review of sources, 
definitions and uses of diatomic earth. When used as admixture with cements, its 
quantity should not exceed 5%, as test evidence shows that detrimental effect. is 
then observed. An optimum admixture of 2 to 3% presents the advantages of filling 
the voids, increasing workability and—in all cases—increasing strength. Cement 
with admixture of dis — earth has a resistance to saline waters equal to that of 
alumina cement.—M. 

Kieselguhr and be uses as fuel. V. Cuarrin. Genie civil (France), Sept. 5, 
1931, V. 99, No. 10, p. 242-244.—Description of nature and location of deposits of 
kieselguhr.—M. A. C. 

Effect of certain clays on mechanical properties of portland cement. 
Peter P. Bupnixorr, L. G. GuLINOWA AND W. I. Tokarew. Ukrainski chemitschni 
shurnal, Chem. Jour. of Ukraine (Russia), 1931, V. 6, No. 1, p. 13-6.—Several Russian 
clays were used as admixtures to portland cement and increases in compressive and 
tensile strength were usually noticed. Only in few cases strength was lowered. Role 
of composition of mixing water is reported.—A. E. B. 

Trass and pulverized sand as admixtures to mortar. RicHArRp GRUEN. 
Chemie der Erde. (Germany), 1931, V. 6, No. 3, p. 402-15.—Subject of investigation 
at Research Laboratory of Blast Furnace Cement Industry in Duesseldorf, Germany, 
was suitability of trass and pulverized sand, also basalt dust as admixtures to mortars. 
In every case strength of mortar was lowered when cement was partly replaced by 
pulverized stone or basalt dust. Pulverized stone has a pore filling action in case of 
standard sands. Reduction in strength is also due to decreased cement content. of 
mortar. Better results were obtained with trass which mostly increased strength 
when it replaced part of aggregates. Pulverized stone also decreases permeability to 
some extent.—A. E. B 

Free lime absorbing phenomena of cement admixtures. Tosaku Yosui- 
OKA, Kunirrsugu KuMAGAE AND Hiroo I1sma. Kogyo Kwagaku Zasshi, J. of Soc. 
Chem. Ind. (Japan), June, 1931, V. 34, Supplemental Binding No. 6, p. 192-3B. 
Theory that active silica of cement admixtures such as diatomeceous earth, volcanic 
ashes, blast furnace slag etc. combines with liberated lime formed upon hydration 
f cement and produces less soluble hydrated calcium silicates was investig: ated and 
effectiveness of those admixtures studied with respect to improving strength and 
durability in aggressive waters. Absorbing power was measured directly by agitating 
several admixtures of certain fineness with lime water for various time periods. 
Water-granulated slag absorbed uncombined lime rather slowly but maintained 
initial absorbing rate even at end of 6 da. Diatomaceous earth absorbed rapidly 
wer 3 to 4da. Silica gels showed highest rate of absorption.—A. E. B 


AGGREGATES 


The application of sands carrying loam and clay for cement mortars and 
concrete, WERKEN. Zentralblatt d. Bauverwalitung (Germany), 1930, No. 38, 3 p. 

Several gravel pits were examined and tests conducted with sands to study "their 
suitability for mortars and concrete and effect of clay and loam impurities on physical 
strength ‘and durability. Test data are presented and suggestions are made for use 
f such sands in practice. Use of sands high in clay or loam can not be recommended. 

-A. E. B. 

Keeping a material operation modern. Rock Products, July 4, 1931. V. 34, 
No. 14, p. 25-29.—St. Louis Material and Supply Co., St. Louis, Mo., cut costs con- 
siderably by changing from steam to diesel power for dredge and towboats by which 
gravel is brought to market. Dredge has 360-h. p. diesel engine directly connected 
to generator. Fuel cost is $9 per day. Lubrication is $1. Tow boat fuel cost is 
about 14 of former cost for gasoline. Modernized screening and washing equipment 
includes rubber-lined spouts —E. 8. 
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Birdseye view of lowa aggregate industry. Wattrer B. Lenuarr. Rock 
Products, July 4, 1931. V. 34, No. 14, p. 32-39.—lowa aggregate production is 
largely confined to highway material. For this reason operation of state quarry by 
prison labor is a ‘‘sore spot’’ to producers, but its production is small and probably 
will not long continue. Gravel producers of state have to contend with deleterious 
materials, some of which are freaks. Shale is worst offender, but so-called iron oxide 
and stone which has soft core give much trouble. Some quarries have seams of 
inferior material that gets into product unless picked out by hand.—E. 8S. 

Proportions for concrete computed from data on aggregates. ARCHIE A. 
SmitH. Concrete, Sept., 1931, V. 39, No. 3, p. 17-19.—Formula for mixture design is 
applicable to determination of proportions of coarse aggregates of two or more size 
divisions or ranges. Application of w/c ratio law in making of concrete of predicted 
properties, for given materials and conditions of mixing, placing and curing, depends 
upon condition that quantity of cement paste is sufficient to coat all of aggregate 
particles and to fill voids in aggregate.—C. B 

Mounting crusher on Ohio River dredge doubles output. A. K. West, 
Rock Products, July 18, 1931. V. 34, No. 15, p. 34-36.—Standard Sand and Grav el 
Co., Wheeling, W. Va., formerly wasted 40% of material dredged because it was 
coarser than 1-in. limit ’ specified for concrete highway aggregate. Now all oversize 
is crushed in crusher of new design which is mounted on dredge. Crusher cylinder 
tends to oscillate rather than revolve, and the crushing is by pure pressure. Advan- 
tages of crushing are that time of loading barge is cut down one-half, formations of 
gaan waste piles are avoided and the quality of sand, has been improved. 

.5 

A difficult quarry operation. Rock Products, Aug. 15, 1931. V. 34, No. 17, p. 
25-27.—There is plenty of good sand at Tulsa, Okla., but no gravel and limited amount 
of good stone. Hence Zenith Stone Co. operates quarry that presents unusual diffi- 
culties. Top surface of stone is uneven and has clay pockets that may be several feet 
deep. These are cleaned out by hand. Vertical clay seams also cause trouble but 
much clay is kept out of plant by hand loading broken rock and casting clay outside 
of track. Vibrating screens remove much clay with the fines that are wasted.—E. 8. 


New sand and gravel plant in San Francisco district. Rock Products, Aug. 
15, 1931, V. 34, No. 17, p. 52-58.—Pleasanton plant of Kaiser Paving Co.,Oakland, 
Calif., is designed to produce very clean and accurately graded concrete aggregates. 
Gravel is washed and separated into 6 sizes which are combined to give required 
grading, and rewashed. Sand is removed from water by bow] and rake classifiers and 
blended to vas ig grading. Gravel is given a third washing on a perforated belt as 
it is loaded.—E 

Iowa has new ee mine. Rock Products, July 18, 1931, V. 34, No. 15, 

42-43.—Material for concrete aggregates is scarce in the vic inity of Ft. Dodge, 
foots, Overburden of limestone deposits is very heavy. Newly organized Ft. Dodge 

Limestone Co. is sinking shaft 108 ft. to cut a 48-ft. deposit of Mississippi: in lime- 
stone. Room and pillar mining methods will be employed.—E. 8. 


Grading aggregates. I.—Mathematical relations for beds of broken solids 
of maximum density. C.C. Furnas. Jnd. Eng. Chem., Sept. 1931, V. 23, No. 9, 
. 1052-1058.—Formulas are developed for two types of grading of aggregates—(1) 
intermittent and (2) the usual continuously graded materials. In beds of broken 
solids containing two component sizes, proportion of larger size resulting in maximum 


density measured in absolute volume is ; - 7 where V is the void volume in a unit 
of total volume of bed. This relation holds approximately in practice until the ratio 
size (small to large) reaches 0.2. In developing mathematically the relations of voids, 
size composition, and number of component sizes for maximum density of more than 
two component systems, author arrived at a rather complicated equation which he 
was unable to solve directly. It was solved, however, by trial-and-error method and 
the relations are shown in graph form. Applyi ing these rel: itious to a three-component 
concrete assuming average particle size of cement to be 0.001 in., (the cement is con- 
sidered as one component) size of coarse aggregate should be 2. 3 in. This is beyond 
limits of most practice but it indicates that concrete is not of maximum density and 
that density may be increased by increasing average size of course aggregate. Also 
mixes designed for maximum density would be harsh and would require some special 
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method of placing such as effective vibration. Other graphs are shown for determin- 
ing voids in compositions of maximum density in 2, 2.5, 3 and 4 component systems 
in which voids of sized material are 30, 40, 50 or 60%. Since in systems of a few 
component sizes there are certain size compositions for maximum density the author 
presumes that, in a system of continuously graded sizes, there will be a certain con- 
stant ratio between amounts of material of conservative screen sizes which will give 
a maximum packing for that system. If the arbitrary ratio of amount of material 
through and on two consecutive screens to amount on next smaller screen (screen 
sizes varying by the factor ¥ 2 ) is used, the computed ratio * for maximum density 
is 1.10.—R. N. Y. 

Grading aggregates. II.—The application of mathematical formulas to 
mortars. F.O. ANpEREGG. Ind. Eng. Chem. Sept. 1931, V. 23, No. 9, p. 1058-1064. 
—The theoretical treatment described in Part I by Furnas has been corroborated 
experimentally. In a series of gradings using lead shot approximately continuous 
grading, minimum voids was obtained with a grading, r = 1.27. Iron shot which 
were less regular in shape gave maximum packing with a grading r 1.18. In 1:2 
mortars using spherical grained sand, the sand grading having r = 1.24 gave the best 
general results based on compressive strength, absorption, change in length, relative 
workability and accelerated corrosion tests. Angular grained marble dust gave less 
favorable results due primarily to poorer packing. Humps in grading curve were 
produced by adding sized sands to a standard graded sand having r = 1.11. Humps 
in the finest region resulted in greatest damage in mortar tests. Commercial sands 
which often have a hump in grading curve at 50 to 30 sieve range can be improved by 
correcting grading—use of sound finely crushed rock of uniform grading is suggested 
for correcting lower part of curve. Sand part of Fuller curve is shown to closely 
approximate ideal developed in this investigation. Admixtures are helpful so long 
as they bring any part of whole sand cement system closer to ideal. Void space in 
coarse aggregate is much greater next to surface of container than in interior.—R. 
|e a 
CEMENT 

Some reflections on the chemistry of portland cement. H. A. ZEnMEN. 
Magazine Tecnico (Argentina), March, 1931, No. 22, p. 18.—In setting of portland 
cement there are formed gels and crystals. If the gels predominate, setting is slow, 
and contrary for crystals. Crystallization and thus hardening may be retarded by 
adding substances to cement which will coagulate ‘“‘hydrosoles”’ of silica, alumina and 
iron and transform them into gels. Sugar, saccharine of lime, copper chloride and 
lead nitrate all act as retarders when in small percentages. Rapid setting of cement 
is promoted by addition of salts that crystallize in cement or form with components 
of cement crystalline compounds. Chlorides of calcium, aluminum, iron and barium 
accelerate hardening mainly by formation of crystals in cement. Sodium carbonate 
is an example of the second type as it forms calcium carbonate with free lime of 
cement. Addition of dilute hydrochloric acid to portland cement may be theoreti- 
cally satisfactory as it would form calcium chloride and thus accelerate hardening. 

C. G. C. and M. N. C. 

Change in time of set of cement. Genie civil (France), May 2, 1931, No. 18, 
p. 454.—A process, new in France, permits acceleration of setting of portland cement, 
so that final set takes place in 4 min. This is accomplished by the admixture of 
‘“‘Tricosal 8 III’, which is also beneficial to the strength of cement. A 1:1 mortar, 
mixed with this product, yields at end of 4 hr. a compressive strength of 1860 p.s.i, 
which at 28 da. increases to 6300 p.s.i.—an increase of 30% over the mortar without 
such admixture.—M. A. C. 

Experiments about the behavior of different cements and protective media 
for concrete in moors. ‘‘Versuche iiber das Verhalten verschiedener Zemente 
und Betonschutzmittel im Moor.’’ H. Burcuartz. 1931, Wilhelm Ernst und 
Sohn, Berlin, Germany, Publication No. 64 of German Committee on Reinforced 
Concrete. Reviewed in Zement (Germany), Aug. 20, 1931, V. 20, No. 34, p. 789. 
Efforts were made to study suitability of different kinds of cement in aggressive 
waters. Rich mixes of portand cement, Eisen-portland cement and blast furnace 
cement showed in general equal durability in such waters while all poor mixes failed. 
Except in special cases kind of cement is less important for durability than density of 
structure. Whether such high density is produced by high cement proportion or by 
suitable proportioning of aggregates 1s only question of economy. Report includes 
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also experiments with concrete slabs, surface of which were treated with tar asphalt 
Awa-asphalt, Preolith and Margalit. Appendix gives directions for erection of struc- 
tures in moors and aggressive waters.—.A. E. B. 

Cement for concrete road construction. Presticka. Wasser u. Wegebau- 
zeitschr. (Germany), 1930, No. 17, 3 p.—Absolute constancy of volume, low tendency 
to shrink and high tensile strength are most desirable properties of cements for road 
construction work. Necessity of special test methods for such cements is emphasized. 
Formation of cracks in concrete roads, and effect of admixtures are discussed.- 
A. E. B. 

Erz cement. Gewapend Beton (Holland), 1931, No. 10, 5 p.—A cement has been 
developed with great resistance to acids and sea waters. Its properties and chemical 
composition are reported as well as applications in practice. Specimens after 214 
years storage in aggressive water were in far superior condition to specimens of 
number of ordinary portland cements.—A. E. B. 

Hydraulic cement, Roman cement and natural cement. Lepvuc. Ciment 
(France), Apr.-May, 1931, V. 36, No. 4-5, 14 p.—Definition, chemical composition, 
physical properties and manufacture of 3 kinds of cements are described, their rela- 
tions to each other are discussed and comparative strength tests reported._—A. E. B. 

Kiln dust from the manufacture of portland cement. O. Respurrat anp V. 
Mazzetti. Giornale di Chimica industriale ed applicata (Italy), Feb. 1931, V. 13, p. 
74-6.—Cement dust has no definite chemical composition but is mixture of complex 
silicates and aluminates. A silico-aluminate was found with lower silica and lime 
content, but higher alumina, ferric oxide and magnesia content than portland cement 
clinker. It was present in coarse portion of dust. Finer fractions are generally free 
from magnesia and have high silica content.—<A. E. B. 

The best chemical composition of portland cement. P. Ercutisse. Chimie 
et Industrie (France), March, 1931, V. 25, No. 3, p. 555-66.—Author discusses various 
formulas of several investigators for favorable chemical compositions of portland 
cement clinker. He derives a new formula based on modern constitution theory 
which is: (AlLO;.3CaO).5(SiO..2.75CaO) .0.5(Fe2O;.2CaO). Investigation of 
hydration phenomena and studies of cement from Germany and Belgium lead to 
development of this formula.—<A. E. B. 


. The development and the present state of the cement manufacture. 
FoLke Winowist. Teknisk Tidskrift (Sweden), May 23, 1931, V. 61, p. 289-97.— 
A review is given of development of cement industry in Sweden and a description is 
presented of cement plant in Limhamn, Sweden.—A. E. B 

New investigations about hydration of portland cement. Part 8. Hydra- 
tion of calcium aluminate in portland cement. Katsvzo Koyanaai. Kogyo 
Kwagaku Zasshi, J. of Soc. Chem. Ind. (Japan), Aug. 1931, V. 34, Supplemental 
Binding No. 8, p. 294-8B.—Great amounts of relatively pure calcium hydro-aluminate 
were prepared from portland cement clinker and certain favorable conditions estab- 
lished for such formation. Chemical composition could be determined. Microscopic 
study of hydration processes under various conditions of clinkers of different compo- 
sitions revealed existence of strong relation between crystals of calcium hydro alu- 
minate and calcium hydrate. Clinkers low in uncombined lime produce early and 
intensive crystals of calcium hydro aluminate while calcium hydrate crystals appear 
very late. Clinker with high uncombined lime content shows weak formation of 
calcium hydro aluminate while much calcium hydrate is rapidly formed. Solubility 
of alumina and lime was measured from samples of different clinkers agitated with 
water. Amount of alumina going into solution is in reverse proportion to lime in 
solution. Calcium aluminate in portland cement goes first into solution during 
hydration, then combines with lime and —— in form of hexagonal plates of 
composition 3CaO. AsIO;.10.5H:O.—A. E. B. 

Work of the Afnor (French Association of Standards). R. Ferrer. Rev. 
materiaux construction trav. publics (France), August, 1931, No. 263, p. 311-317. 
Tentative standards for cements and limes are worked out as a result of extensive 
discussion following earlier publications. Definition of various cements and limes, 
according to their methods of manufacture and general properties, and subdivision 
of each ¢ of products into several groups, according to strength values, are dealt 
with. Four main groups are: natural cements, artificial cements, metallurgic cements 
and composite cements. The second group comprises cements corresponding to 
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portland, though this term is not used, and is subdivided further into: artificial cement 
proper (ordinary, standard, special; strength values at 28 da.: 1420, 2275, 3550 p.s.i. 
resp.), artificial cement of high initial strength (standard, special; strength at 28 da.: 
4550, 5690 p.s.i. resp.), alumina cement (standard, special; strength at 28 da.: 5690, 
7110 p.s.i. resp.). Metallurgie cements are result of carefully proportioned and per- 
fectly homogeneous pulverized mixture of lime or cement with granulated basic slag. 
The proportion of slag in various groups of metallurgic cements varies from 30% to 
not less than 85% in so-called ‘“permetallurgic’’ cements. This grouping reduces 
number of separately classed products to 13.—M. A. C. 

Characteristics of blast furnace slag slurry in portland cement manufac- 
ture. L.N. Bryant. Rock Products, July 4, 1931. V.34, No. 14, p. 52-56.—Author 
made series of tests to determine causes of congealing of slag slurry, including effects 
of air-cooling and granulating slag, temperature, alkalinity, sulphur content, use of 
reagents of opposite sign and positively charged electrolyte and concludes that con- 
gealing is due to colloidal condition. Hydration of CaS produces negatively charged 
electrolyte that transfers its ionic charge to solids. Adsorbed charges on these solids 
force particles farther apart, developing a porous network of very fine crystals which 
owe their power to attract and retain water at their interfaces to negative charges. 
Temperature increases rate of congealing.—E. 8. 

Blending system at dry process plant provides uniform raw mix. Rock 
Products, July 18, 1931, V. 34, No. 15, p. 25-31.—Dewey Portland Cement Co. has 
kept its 23-year old plant up to date, latest improvement being raw mix blending. 
Material is limestone and shale, which is crushed in jaw crusher followed by 3 hammer 
mills. These are followed by dryers. Preliminary raw grinding is in Hercules mills 
which have table feeders regulated by a relay on the circuit of motor that drives mills. 
Tube mills follow. Formerly 5 were required but since three 16-ft. air separators were 
installed 3 do the work, grinding 30 tons per hr. each. Circulating load is 20-25%. 
Blending equipment includes 9 silos with usual F.-K. pumps and equipment. Dis- 
charge is from silos | to 9 and repeat, 6 min. in each silo, although the time may be 
anything from 2 to 48 min. One kiln has been changed from 91% by 8 by 105 ft. to 
91% by 14 by 150 ft. and this increased output from 700 to .1200 bbl. per day.—E. 8. 

The development of portland cement manufacture from blast furnace 
slag. J.C. Witt. Chemical Bul. Chicago Section Am. Chem. Soc., Sept., 1931, 
V. 18, No. 7, p. 202-3.—Cement manufacture from blast furnace slag in Chicago 
district was started about 1894 by producing mixture of abnormally basic slag, 
hydrated lime and small quantities of sodium hydroxide which developed good 
strength. Unsatisfactory results with this cement when exposed to air led several 
years later to efforts to burn a portland cement in small experimental rotary kiln. 
Development of regular plant practice, foundation of portland cement mills using 
blast furnace slag and formation of Universal Atlas Cement Co. are briefly described. 
A. E. B. 

Finding undeveloped sources of fuel for cement plants. E. T. Exuis. Con- 
crete, Sept., 1931, V. 39, No. 3, p. 64-66.—This final installment concludes the series 
on availability of certain low grade fuels of short flame class, and methods of treat- 
ment for use in burning cement. Materials discussed are hard coking bituminous 
coal, mine bank waste, non-caking bituminous coal slack of long flame class, non- 
caking lignite culm, semi-bituminous non-caking coal slack of short flame class. 

y 3 


Historic Signal Mountain yields stone for Chattanooga cement plant. 
Mat F. Beisper. Pit and Quarry, Sept. 9, 1931, V. 22, No. 12, p. 16-22.—This 
3-kiln, strictly modern, wet-process plant of the Signal Mountain Portland Cement 
Co. obtains its rock by undercover mining, driving huge adits 50 ft. wide and from 
42 to 56 ft. high. The blasted rock is loaded into cars by standard-size shovels, and 
haulage is by a fireless-steam locomotive.—A. J. H. 

Slurry filtration at the plant of the Arkansas Portland Cement Co. A. W. 
Ropinson. Pit and Quarry, Sept. 23, 1931, V. 22, No. 13, p. 53-55.—The installation 
at Okay, Ark., is first gas-fired cement kiln to have this practice. Among its features 
are special feeders to the slurry and the kiln. Introduction of the filters a year ago 
raised average daily production from 1,890 to 3,300 bbl.—<A. J. H. 

Rotary- and shaft kiln portland cements. ‘‘Rotier- und Schachtofen 
Portland Zemente.”’ JoserH Kerrn. 1931, 28 p. 32 illustrations. Reviewed in 
Zeitschr. Ostr. Ing. u. Archit. Vereins (Austria), June 26, 1931, V. 83, No. 25-26, p. 
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216.—Book presents results of experiments of Cement Committee of German Society 
for Testing Materials in Czecho-Slovak Republic. They include tests on all portland 
cements manufactured since 1922 and high early strength portland cement since 
1926. Data give reliable picture of characteristic properties of these cements. 
Constancy of volume, fineness, compressive and tensile strength are tested under 
normal storage conditions and after normal time periods. Results are presented 
separately for rotary and shaft kiln cements and give low, high and average strength 
results at all time intervals.—<A. E. B. 

Researches on the rotary kiln in cement manufacture. Part 17-18. 
Georrrey Martin. Rock Products, July 4, 18,1931. V.34, No. 14, 15, p. 40-43, 38- 
40.—Internal radiation, radiation of high grade heat (above 1481 F.) from clinkering 
zone to qpeseennee zone, causes much greater loss of clinker output than external radi- 
ation. For a modern kiln 1 lb. standard coal (12,600 B.t.u.) produces 7972 B.t.u. of 
this high grade heat, of which 469 B.t.u. is lost by external and 5281 B.t.u. by internal 
radiation. This loss is shown to raise the coal required to burn 100 tons clinker from 
11 to 30.21 tons. But it is this loss alone that makes wet kiln economically possible. 
To secure greater kiln economy designers should concentrate on eliminating internal 
radiation as much as possible, as everything else has a subsidiary influence on 
economy. Loss of high-grade heat by radiation from clinkering zone to preheating 
zone cannot be directly remedied except by improving design of clinkering zone but 
heat may be utilized. It can be used to evaporate water fromslurry with no increase 
in fuel consumption per lb. clinker burned unless water passes a certain percentage. 
Only economic advantage of dry process is that exit gases are hotter and may be used 
to generate steam. It is obvious therefore that improvements to cold end of kiln can 
have only secondary influence in fuel economy although this may be important. 
Lifter bars and the like may give real economy by back radiation, diminishing velocity 
of flow of gas from clinkering zone and checking internal radiation.—E. S. 


MISCELLANEOUS 


Structural materials guide. ‘‘Der Baustoffiihrer.’’ Ericu Prosstr. 1931, 
Carl Marhold, Halle a.8., Germany, 329 p., R. M. 6.00. Reviewed in Bauingenieur 
(Germany), Feb. 6, 1931, V. 12, No. 6, p. 113.—In dealing with properties, manufac- 
ture, composition, application and methods for use of natural and artificial structural 
materials, more than 4500 items are indexed for reference volume.—A. E. B. 

Studies on hydrothermal synthesis with pressure of calcium silicates. 
Part 1. Kogyo Kwagaku Zasshi, J. of Soc. Chem. Ind. (Japan), July 1931, V. 34, 
Supplemental Binding No. 7, p. 222-4B.— Products of hydrothermal synthesis (with 
and without pressure) from silica or silicic acid anhydride with lime were studied 
fundamentally. Mixed samples of lime and silica were heated electrically in auto- 
clave. Temperatures depend on water pressure and ranged from 270 to 414° F. 
Freshly calcined lime was intimately mixed with natural quartz powder in propor- 
tions: 5CaO.SiO., 3CaO.SiO., 2CaO.SiO., 3CaO.28i0,, CaO.SiO., CaO.28iO., CaO.- 
3Si0, and CaO.58i0.. Samples were examined after 1 to 6 days. Chemical analyses 
were made of ignition loss, insoluble residue or free silica, combined lime, combined 
silica and uncombined lime. Molecular ratios of combination between lime and 
silica were calculated and compared. Compound 3CaO.2SiO, hydrate was easily 
produced by hydrothermal heating of mixtures at 358-360° F. and 142 p.s. 1. 
pressure for 2 days. By little longer heating mixture of CaO.SiO, changes easily 
from 3CaO.2SiO, hydrate to CaO.SiO, hydrate. This change takes place especially 
in low lime mixtures.—A. E. B. 

Studies on hydrothermal synthesis with pressure of calcium silicates. 
Part 2. Suoicuiro NaGat. Kogyo Kwagaku Zasshi, Journal of Soc. Chem. Ind. 
(Japan), Sept. 1931, V. 34, Supplemetal Binding No. 9, p. 317-9B.—Reaction tem- 

rature and water vapor pressure used in earlier investigation (cf. Kogyo Kwagaku 
Zasshi, Journal of Soc. Chem. Ind. (Japan), July 1931, V. 34, Supplemental Binding 
No. 7, p. 222-4B) were lowered to 307-9° F. and 71.1 p.s.i. Combination between 
lime and silica was very slow and led also to 3CaO.2SiO,-hydrate. When lime con- 
tent of raw mixture was decreased and when mixtures CaO.SiO, and CaO.2SiO, were 
treated at 358-60° F. with a pressure of 142.2 p.s.i. from 1 to 6 days, products were 
almost of composition CaO.SiO,-hydrate. Lime content was still lowered while 
temperature and pressure were increased to 412-4° F. and 284.4 p.s.i. Compound 
CaO.Si0.-hydrate was formed at lower temperatures and pressure was changed to 
3CaO.2Si0,-hydrate.—A. E. B. 
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PROPERTIES OF CONCRETE 


Fineness of cement and the amount of mixing water. Ferret. Annales d. 
ponts et chauss. (France), Jan. 1931, V. 101, No. 1, 8 p.—Several cements and mortars 
were mixed with different amounts of water and effect of percentages studied. 
Specimens were stored in water and oy water and their general appearance observed 
over period of several years.—A. E. 

Researches on durability of a H. F. GONNERMAN. Canadian Eng., 
Aug. 18, 1931, V. 61, No. 7, p. 19.-Most important factor affecting durability of 
concrete is quality of cement-water paste which provides protection to aggregate. 
Improper grading, improperly proportioned mixtures, improper curing and dirty 
material affect quality of paste and therefore durability. Soundness tests made 
directly upon aggregate, serve to indicate possibilities of material but as yet cannot 
be taken to definitely measure its ability to produce a permanent concrete.—G. 
M. W. 

Is it possible to determine composition ratio of hardened concrete? 
WoeRNER. Tiefbau (Germany), 1931, No. 4, 2 p.—A critical study of method by 
Nitsche to determine proportions of cement and aggregates in hardened concrete is 
given. Procedure is explained, experiences are presented and applications of method 
are illustrated.—A. E. B 

A new apparatus to measure the expansion of concrete. ALFRED PFEIFFER. 
Bauingenieur (Germany), Jan. 30, 1931, V. 12, No. 5, p. 88-90.—New device is 
based on electric principle. Hollow steel cylinder with movable ends is imbedded 
in concrete and contains electromagnet. Movement of concrete and ends of cylinder 
change electric induction in coils and measurements are made by means of a Wheat- 
stone-bridge. Temperature of concrete can also be determined with same instrument 
by use of direct current. Excellent results were obtained in experimental studies and 
practice.—A. E. B. 

The water impermeability of cement pipes. E. Suenson. Jngenior-viden- 
skabelige Skr., Series B (Denmark), 1930, No. 3, p. 5-76. Impermeability of cement 
and concrete pipes increases with intensity of working of mix, cement contents and 
weight per cu. ft. Pipes stored in water obtain greater density, especially when stored 
in dirty water, probably due to bacteriological action. Use of admixtures such as 

yater glass, soaps and similar materials have beneficial effect on density. Storage in 
methyl aleohol or benzene improves impermeability. Waters containing much 
uncombined carbon dioxide have corrosive effect on pipes.—A. E. B 

Prevention of corrosion of concrete structures in sea water. RIcHARD 
Grun. Korrosion und Metallschutz (Germany), Apr. 1931, V. 7, p. 82-90.—Action 
of sea water on concrete and reaction between lime of cement XB. sulphate which 
forms gypsum are described. Cements rich in silica or such containing admixtures 
like trass, blast furnace slag or other siliceous materials show highest resistance 
against water action. Great care must be taken to produce a concrete of highest 
possible density.—A. E. B 

About the action of some substances present in sewage and groundwater 
on concrete. KAMMANN AND MUELLER. T'echn. Gemeindeblatt (Germany), 1931, 
No. 7, 6 p.—-Different actions of several salts and substances on cement sewer pipes 
and concrete structures were studied and efforts made to protect cement against such 
actions.—A. E. B. 

Protection of cement pipes against aggressive action of acids under ground. 
Nits Burr. Techn. Gemeindeblatt (Germany), 1931, No. 4, p. 41-2.—-Water imper- 
meability of concrete pipes produced in large scale operation, their density and possi- 
bilities to improve these properties are studied. Effect of admixtures to cement and 
value of different protective coatings are characterized and desirable conditions of 
concrete pipes for various purposes are illustrated. A. E. B. 

Investigation of the corrosion of the tunnel of Corbeau, France. G. 
Batra. Chimie et Industrie (France), March, 1931, V. 26, No. 3, p. 548-54.—-Corrosive 
action of sulphate waters on concrete of tunnel was chiefly due to formation of gyp- 
sum from liberated lime of cement and sulphate of water. New com pounds did not 
combine with other concrete constituents and had low strength.—A. E. B 

Permeability of mortar and mga O. Grar. Reviewed in Beton Eisen 
(Germany), Sept. 20, 1931, V. 30, No. . 335.—Tests were made in period 1928- 
1930 on mortar and concrete, particul: > hy as influenced by the grading of the sand 
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and aggregate. As part of this test series a study was made of mortar squirted into 
place, which showed the superiority of fine grained aggregate for mortar placed in 
this manner. The finer grains lead to a steadier flow and do not tend to rebound 
from the surface of impact.—A. A. B 

About the determination of concrete mixtures. G. KATHREIN. Strassenbau 
(Germany), 1931, No. 10, 6 p.—Methods by Spindel and Stern (cf. Zement (Germany), 
Dec. 18, 1930, V. 19, No. 51, p. 1200-5; Journax A. C. I., Apr. 1931, V. 2, No. 8, 
Abstracts p. 211 and Zeitschr. Ostr. Ing. u. Archit. Vereins (Austria), Aug. 1930, V. 

82, No. 31-34, p. 255-7, 269-72; Journat A. C. I., Nov. 1930, V. 2, No. 3, Abstracts, 
p. 68) for calculation of best concrete composition and predetermination of concrete 
properties are comprehensively discussed. Fundamental influences * aggregates 
on concrete quality and application of methods in practice are cited. B 

The deterioration of porous concrete. GivuLio Nata AND et GuiIpo 
Fontana. Giornale di Chimica Industriale ed applicata (Italy), April, 1931, V. 13, 
No. 4, p. 173-8.—Influence of time on mechanical properties of structural materials 
and problem of improving their resistance is described in connection with large rein- 
forced concrete structure where grave retrogression of mechanical strength had been 
observed. This is attributed to lack of sufficiently graded coarrse aggegates and excess 
of fine sand and probably too wet mix. Great porosity of concrete favored excessive 
hydrolysis and carbonation of liberated lime. Laboratory tests show development 
of strength as a function of porosity and composition of cement and concrete. Low 
cement content in concrete causes great volume changes and lowers mechanical 
resistance.—A. E. B. 

Construction control of the German Railroad Concern Reichsbahn. 
VocELer. Bauingenieur (Germany), March 20, 1931, V. 12, No. 12-13, p. 228-31. 
—Second report of year 1930 of inspection of cement and concrete testing laboratories 
of German railroad. Compared with results of previous year (cf. Report of the 33rd 
main meeting of German Concrete Association, March 17, 1930, p. 236-61; Bauin- 
genieur (Germany), Aug. 15, 1930, V. 11, No. 33; JourNnat A.C, ss March, 1931, V.2, 
No. 7, Abstr. p. 191) about 75% of necessary tests and jobs were satisfactory. Careful 
proportioning of aggregates, mixing, after treatment and compressive strength 
tests of concrete resulted in improvements of concrete structure. Insufficient con- 
sideration was given to cement testing, stiffness test and concrete beam tests. Direc- 
tions ask for examination of underground, water, cement setting time, boiling test, 
weight per cu. ft., storage, purity of aggregates, sieve tests, concrete mixer, propor- 
tioning equipment, stiffness test, cube and beam tests, surface treatment and minor 
details. Cement was frequently stored under improper ‘condition resulting in strength 
losses from 8 to 15%. Cement mixes were often too rich.—A. E. B 

Plastic flow of concrete. J. R. SHank. Canadian Eng., July 7, 1931, V. 61, 
No. 1, p. 20.—Based upon relative elasticities of steel and concrete reinforced columns 
are designed on assumption that each materiai will carry its share of load. It is 
found however that concrete continues to deform under load causing steel to carry 
more than its designed share until elastic limit of steel is reached beyond which point 
steel also continues to deform or shorten. Excessive steel stresses may sometimes be 
offset by slippage of bars at splices. This change of shape designated as plastic flow 
has been observed and studied at several other institutions. At age of 65 days plastic 
flow of 4370-lb. concrete was found to be greater than elastic deformation. The older 
the concrete when loaded the less the plastic flow. Dry concrete will flow more than 
concrete exposed to moist conditions. When load ! ane there is a plastic 
recovery, which is never as great as the plastic flow. .M. 

Process of increasing the sensitiveness of ot a and absorbo- 
micrometric measurements. P. Sanro Rint. Genie civil (France), March 14, 
1931, No. 11, p. 274.—-A paper presented before the Academy of Science of Greece, 
described determination of stresses within a homogeneous solid by means of inter- 
ference of two currents of high frequency. In another communication, was demon- 
strated procedure in making ultramicroscopic and absorbomicrometric measure- 
ments, whose principle is based on variation of electric capacity of a condenser of 
two electric plates. A more highly sensitive condenser with multiple plates, cemented 
in a concrete cube, was used by the author in a demonstration of quantitative measure- 
ments of inner deformations of the cube.-M. A. C 

Studies on tig) proof cement mortars. Part 4. Snoicnuiro Nagai. Kogyo 
Kwagaku Zasshi, J. of Soc. Chem. Ind. (Japan), June 1931, V. 34, Supplemental 
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binding No. 6, p. 191-2B.—In continuing previous studies (Kogyo Kwagaku Zasshi, J. 
of Soc. Chem. Ind. (Japan), 1929, V. 32, p. 784, 818, 985) author reports results of 
comparative experiments of testing on binding strength, acid resistibility, etc., of 
acid-proof mortars. Two glass plates (1.6 by 1.8 by 0.2 in.) were cemented together 
in area of 2.5 sq. in. with mortars made by soneding siliceous powders with alkali 
silicate solutions. Specimens hardened in air for 7 to 28 da. Binding strength was 
tested and compared. Artificial preparations, Si-stoff and other commercial samples, 
gave better results than natural siliceous powders of acid-proof stones. Parallel 
tests were made with samples cured in acid and acid-proofing tests were studied by 
comparing binding strength of air- and acid-cured test pieces. Slow hardening mor- 
tars from natural materials showed greater decrease in strength (when acid-cured) 
than quick hardening mortars from artificial siliceous powders. Si-stoff gave quickest 
hardening and acid resistant mortar by kneading with water glass or alkali silicate 
solutions of high silica content. Fineness of powder is important factor on proper- 
ties.—A. E. B. 


Tests and theories compared for concrete. DoNovAN WERNER AND STIG 
Giertz-Hepstrom. Teknisk Tidskrift (Sweden), April 25, 1931, V. 61, No. 17, p. 
45-53.—Values of compressive strength, tensile strength, modulus of elasticity, 
shrinkage, etc. depend on relative wetness or water-cement ratio of mix. Value for 
the compression strength 7’ was found to be: 7 = k; (f— 25)* where f = the water 
ratio and k; was a constant = 0.305. It has been assumed that the tensile strength is 
0.1 of compressive strength. This assumption the authors have found to be not 
true. When compressive strength was increased, tensile strength increased at a 
much slower rate and in some cases was found to have decreased. A more correct 
relation for the tensile stress D is given as D = k.(f 25)*/* where ke = a constant 


an 

= (0.224. The modulus of elasticity E was determined from the expression e = a 
where P = the load and n = a number a little more than 1, with the value of n = 1 
used here, and 1 = the length. The following relation was also found E = K vT D 
where K = a constant = 970. And further E = k; (f — 25)°/* where k; = a constant 
+ 254. The authors have not been able to derive any formulas for shrinkage at this 
stage, but are to continue their tests. As a conclusion, test values agree fairly well 
with computed values, if the errors involved in the tests are considered.—O. A. 


Effects of contraction in large concrete dams. ALBRET RENAND. Magazine 
Tecnico (Argentina), Jan.-Feb., 1931, p. 19-21.—In continuation of previous discus- 
sion, based on tests of San Marcos dam, of question of cracking in large dams and 
procedure to limit such cracks, cracking considered is that due to concrete and not 
temperature or loads. First, cracks appear every 49 ft. and parallel and perpendicular 
to longitudinal axis of work. Concrete should, therefore, be placed in blocks not 
more than 49 ft. long; but where dam is thin, as at top, this length preferably should 
not exceed 26 ft. Second, cracking is not usually manifest before end of four months 
except where there are sharp corners or changes in section. Concreting of next 
higher lift should not be done, therefore, until this period has elapsed or block has 
shewn its principal contraction cracks. Third, longitudinal cracking seems to be 
reduced by bringing load on concrete which would indicate desirability of pouring 
lifts one on other as fast as possible. Fourth, differences in concrete mixture produces 
differences in contraction and this should be avoided. If a rich facing is used with 
leaner interior mixture transition should be gradual. Fifth, cracks are formed where 
pours are stopped and concrete should be placed, therefore, in vertical layers of as 
great height as possible. Work should be planned so that cracking will occur at 
least dangerous points.._C. G. C. and M. N. C 


Determining characteristics of concrete in the —_ drum. Emory D. 
Roserts. J. Am. Concrete Inst., Sept., 1931, V. 3, No. 1, Proc. V. 28, p. 59-72. 
Workability is a measure of quality of concrete and ie re is demand for means of 
measuring workability of concrete while it is being mixed in mixer drum. Based 
upon knowledge gained from a series of tests of various types of mechanisms designed 
to show consistency of concrete in mixer drum a consistency indicator was designed 
to indicate the relative pressures exerted on a bar by concrete as it was being mixed. 
An oil gauge, registering pressure from zero to 30 lb., gave index of pressure on bar. 
Pressure was transmitted through a lever system to oil bellows. For normal batch, 
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one me shown on oil gauge would rise rapidly to maximum and remain there until 
atch was discharged. After review of all the data and graphs, following conclusions 
were drawn: 1. Batch appears to flow uniformly in mixer drum a few seconds after 
materials have been wet through. 2. It requires longer for dry batches to appear to 
flow uniformly than those of normal workability or those too wet for production of 
quality concrete. 3. There is relationship between time when mass appears to flow 
uniformly and time when curve representing indicated pressures flatten out. 4. 
With increase in batch size, there is proportional lengthening of time required for 
consistency indicator curve to flatten out. 5. For batches of like workability, increase 
in batch size resulted in increase in indicated pressures, trend being same, regardless 
of change in volume. 6. Consistency indicator reflects transformation of aggregates 
into smoothly flowing concrete.—D. F. J. 

The effect of acid waters on concrete. Baitey Tremper. J. Am. Concrete 
Inst., Sept., 1931, V. 3, No. 1, Proc. V. 28, p. 1-32.—It has been shown that setting 
and hardening of portland cement does not result in compounds of lime that are 
absolutely insoluble in water. Fact that solubility of lime increases with acidity of 
water raises question as to whether concrete exposed to water is able permanently 
to resist loss of lime through leaching. This paper describes tests of intact concrete 
specimens exposed in a flow of artificially acidified water, pH value of which was com- 
parable to that of natural waters. A few specimens were exposed in a small creek 
naturally slightly acid. Water was made to flow past surface of concrete but was 
not forced through it. Results, however, probably apply in a general way to con- 
crete through which water is percolating. Results of tests of about 3000 specimens 
ranging from 114 by 1) by 4-in. prisms to 8 by 16-in. cylinders, are presented. 
Data have been obtained on loss of lime and relative loss in strength resulting from 
acid exposure. Factors studied cover (1) variations in severity of exposure, (2) 
variables arising from materials used and conditions of manufacture of concrete and 
(3) theory of corrosion. An effort has been made to evaluate the effect of a number 
of subdivisions of each of the above headings. The data obtained are used to estimate 
probable life of concrete structures under various conditions of acid exposure.- 
AUTHOR’s SUMMARY 

Testing cast stone. Frep WreiGEL. J. Am. Concrete Inst., Sept., 1931, V. 3, No. 
1, Proc. V. 28, p. 33-36.— During last two years Cast Stone Institute has been carry- 
ing on a se pmo program of testing and considerable information has accumulated 
on practical and mechanical aspects of procedure and on fairness of strength and 
density requirements of specification. Experiences reported to committee do not 
seem to support objection to use of 2-in. cubes as test specimens. Committee has 
investigated several possible methods of testing for absorption, but has emerged with 
more negative than positive results so far as a new absorption test is concerned. A 
series of drying tests was made at 5 different temperatures, ranging from 85 to 175° F., 
dry (as taken from the yard), damp and saturated conditions, in order to make 
comparison. Results obtained when separate sets of these specimens were dried at 
each of different temperatures for period of 24 hr., were not satisfactory. In spite of 
ite severity present absorption test is not as inadequate as it at first seemed. Ability 
of colloidal materials in concrete to take on or retain moisture is affected by condi- 
tions of humidity and vapor pressure in same manner as it is affected by conditions of 
temperature. Recent investigations of volume change in cement products is orfe of 
major vroblems facing industry. Suggestion is made that the phrase “total moisture 
conte. ’ be substituted for the term “absorption” whenever it is used in connection 
with the present tentative test. If capping were to be used in lieu of ground surface, 
moisture from capping might be complicating factor in specimens to be tested dry. 
It is recommended that all surfaces which are likely to come into contact with capping 
_— shall be shellacked and then allowed to dry before capping is applied.—-D. 


ENGINEERING DESIGN 
BRIDGES 
Two reinforced concrete bridges over the river Euphrat, Asia. Jngenioren 
(Sweden), 1930, No. 50, p. 593-5.—-Reinforeed concrete highway arch bridge of 370.7 


ft. span and a railroad a consisting of 8 reinforced concrete arches with spans 
from 88.6 to 180.5 ft. recently have been started.—A. E. B. 


Three types of spans in one bridge. B.C. Coturer. Canadian Eng., July 7, 
1931, V. 61, No. 1, p. 28—A bridge built over the Lehigh River at Coplay, Pa., 
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includes three types of construction, made up of three 100-ft. plate girder spans, 
over railroad, a river crossing of 3 concrete arches and a 214 ft. truss designed to 
simulate a concrete arch in appearance. Heavy girders with 8-in. angle stiffeners and 
varying thickness of bottom chord were built up with gunite to result in a uniform 
panel and frame effect. Steel below floor slab of truss span was gunite coated for 
protection from locomotive fumes. Pre-shot slabs of gunite were used for the bottom 
of roadway deck slabs, serving as form to support roadway while it was being cast. 
Floor gt reinforcing rods were placed directly against these pre-cast gunite forms. 
—G. M. W 

International contest for a bridge over Lake Maeler in Stockholm, Sweden. 
E. Gaser. Zentralblatt der Bauverwaltung (Germany), 1930, No. 51, p. 883-9.—In 
addition to previous articles on this subject (cf. Zement (Germany), July 1930, Jan. 
29, 1931, V. 19 and 20, No. 30 and 5, p. 712-4 and 105-9; Journat A. C. I., Oct., 1930, 
and June 1931, V. 2, No. 2 and 10, Abstracts p. 39, 296) author discusses economic 
view points and considerations of suspension, girder and arch bridges of steel and 
reinforced concrete.—A. E. } 

Reinforced concrete bridges in Switzerland. Maim.arr. Bauingenieur (Ger- 
many), March 6, 1931, V. 12, No. 10, p. 165-71.—Reinforced concrete is very suitable 
for economic construction of arch bridges even when of small dimensions. However, 
a solid rectangular cross-section does not entirely make use of advantages of rein- 
forced concrete construction principle. Improvements are made in designing special 
cross-sections. Contribution of roadway to bearing capacity by correctly designing 
connections between arch and roadway can be done by rigid connection of both as 
one single unit or by distributing occurring stresses individually. Both principles are 
explained with description of 6 bridges. Architectural designs, foundations, hinges, 
reinforcements and centerings are discussed. A. E. B 

Nomogram for direct calculation of flat slab girder highway bridges of 
reinforced concrete. H.CrarmMer. Bauingenieur (Germany), Apr. 17, 1931, V. 12, 
No. 16, p. 286-8..-_Mathematical discussion of slab girder bridges calculated and 
loaded according to German specifications. Heights and reinforcements of girders 
are given with consideration to economy as function of width and distance between 
girders and span of bridges.—A. E. B. 

Reinforced concrete bridge across railroad line between Langendreer and 
Witten, Germany. A. Boune. Bauingenieur (Germany), May 1, 1931, V. 12, 
No. 18-19, p. 331-3.- ~ Bridge which crosses railroad at angle of 63 deg. has 3 openings. 
Center slab rests on 2 2 piers, has span of 82 ft. and is cantilevered 16.4 ft. at both ends. 
Shore abutments are connected with these ends by 2 slabs of 41-ft. span. Bridge is 
39.7 ft. wide and has two 4.9 ft. cantilevered sidewalks. Main slabs are carried by 
4 reinforced concrete I-beams, 10 ft. high and spaced about 10 ft. apart. Transverse 
concrete beams are located at distances from 16.4 to 20.5 ft. Piers are 42.7 ft. high 
and have bell shaped footings 23 ft. wide and 49 ft. long—aA. E. B. 

Contest for the Dreirosen-bridge in Basel (Switzerland). Bauingenieur (Ger- 
many), May 1, 15, 22, 1931, V. 12, No. 18-21, p. 311-5, 363-9, 382-91.—-Of 76 bridge 
designs discussed 34 are reinforced and plain concrete bridges submitted in interna- 
tional contest (cf. Zement (Germany), Jan. 15, March 26, 1931, V. 20, No. 3 and 138, 
p. 59-61, 298-302; JournaL A. C. I., Apr. and June 1931, V. 2, No. 8 and 10, Abstr. 
p. 223, 297). Technical conditions of contest, description of Cha xn of bridge, under- 
pea and geologic investigation of site of construction and special conditions for 
steel and reinforced concrete structures, constructive details, aesthetic value and 
construction costs of most outstanding designs are described with numerous drawings, 
graphs and illustrations. Author gives general review of construction methods: solid 
steel structures, concrete girder bridges, concrete arch bridges and foundations. 

Mexcala bridge. J.S. pe Aparicia. Ingenieria (Mexico), April, 1931, p. 120- 
123.—Steel arch, concrete arch, suspension, cantilever and Pratt truss types were 
compared and final selection on a basis of cost was of Pratt truss type with 3 main 
spans of about 140 ft. and 2 side spans of 100 ft. Roadway as designed is approxi- 
mately 15 ft. wide and wearing surface is of asphalt. Piers and pavement slabs are 
of reinforced concrete. Pier foundations are to be of 1:3:6 concrete and piers and 
road slabs of 1:2:4 concrete.. Foundation work performed under water is required 


to be 1:2:4 with a 20% excess of cement. Drawings give details of design.—C. G. 
C. anp M. N. C. 
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Basel bridge competition. A. Bunter. Beton Eisen (Germany), July 5, 20, 
1931, V. 30, No. 13, 14.—Among the 76 designs for the proposed Rhine bridge in 
Basel were 24 steel and 10 reinforced concrete girder bridges, 7 steel and 23 reinforced 
concrete arch bridges. The concrete designs were all with 3 spans with the exception 
of one arch design which had only one opening. A steel girder bridge was awarded 
first prize. Several of the girder designs present pleasing appearance due to their 
small depth. Most of girders are increased in depth over two channel piers lending 
an arch effect. Five concrete bids are discussed and described in detail. One con- 
sists of a continuous girder with a center span of 348 ft. and two side spans of 184 ft. 
each. In this girder the ratio of the least to the greatest sectional J was 1:43. Com- 
petition shows present tendency in Europe to use girder bridge even for very long 
spans. All designs pictured are notable for their simplicity and avoidance of orna- 


mentation. There was no excessive price difference between steel and concrete 
designs.—A. A. B. 


The reinforced concrete bridge over the river Elorn. Merume.. Bauingen- 
teur (Germany), May 1, 1931, V. 12, No. 18-19, p. 322-7.—Geologic investigations, 
difficult on account of high tides, revealed firm strata of slate covered with fine sand 
and mud. Contest of bridge design asked for at least 1 large opening. Best design, 
which was submitted by Freyssinet, is remarkable in technical and aesthetic respect 
and also requires lowest construction costs. Design proposes 2 river piers and 2 land 
piers forming 3 openings of equal spans of 584 ft. with rises of 110 ft. Only one cen- 
tering is necessary for all 3 arches. Connections between proper bridge and shore 
abutments are obtained by girder bridges. Cross-section of roadway is hollow four- 
sided prism distinguished by great rigidity. Railroad runs on lower plane while 
highway is built on top of structure. Each of 2 arches consists of 2 box-shaped ribs 
connected by concrete walls. Ribs are hollow. Data furnished include general 
dimensions of structure, constructive details of abutments and piers, arrangement of 
site of construction, concrete distribution, design of centering and construction 
progress (cf. Zement (Germany), May 21, 28, 1931, V. 20, No. 21-22, p. 498-502, 
524-7).—A. E. B. 


Canneto bridge on the Oglio. ANronio Rorrer. Le Strade (Italy) Feb., 1931, 
p. 30-33.— Wooden bridge at Canneto failed in August, 1929, during reconstruction 
and proposed new bridge is an interprovincial bridge over a river of second class and 
special clearances as well as flood conditions must be considered. After considering 
an even number of spans and up to seven spans, a 3-span continuous girder type with 
variable moment of inertia, was decided on. The spans are 96, 111 and 96 ft., the 
width being 27 ft. including side walls and roadway. Structure is designed for load- 
ings as follows: 1. Two 16-ton wagon loads, with wheel loads spaced 8 tons at 10 ft., 
4 tons at 13 ft., then 13 ft. and load repeated. 2. Motor train with 5 tons on one set 
of wheels, 9 tons on other at 11.5 ft. then 10.5 ft. to first trailer wheel with 6.5 tons 
and the second wheel at 11.5 ft. with 6.5 tons. There is 10 ft. to the second trailer 
which has the same wheel load and spacing as first. 3. Steam roller with roller 
spacing of 10 ft., 12 tons on rear and 8 tons on front rollers. It is expected to com- 
plete work in 1931.—C. G. C. ann M. N. C. 


Secondary effects in concrete bridges. G. H. Harareaves. Concrete Constr. 
Eng. (England), August, 1931, V. 26, No. 8, p. 455-67.—Secondary stresses are 
mainly due to variations in temperature, shrinkage, and shortening under thrust. 
Magnitude of these variations is given. Stresses produced, and measures taken to 
deal with them depend on type of bridge. Slab bridges are rarely of sufficient span 
to necessitate consideration of secondary stresses, except when continuous over a 
number of spans. Method is given of obtaining free bearing at ends of large span 
beam bridges. Secondary stresses in frame-type bridges are discussed. Thrust in 
these bridges is normally so small that shortening effects are neglected, hence reducing 
secondary effects to those due to temperature and shrinkage. Value of latter depends 
upon method of construction. It is only desirable to consider secondary stresses in 
frames when the span is great compared with the height, or when ratio of moment 
of inertia of horizontal member to vertical is low. Expressions are derived for the 
horizontal thrust in frames due to temperature and diagrams given for obtaining 
values of thrusts and moments in different type frames and for a temperature varia- 
tion of 30° F. Curves are plotted on usual assumption that moments of inertia of 
members are constant. At ends of frame secondary effects are greatest. Secondary 
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stresses in arches with fixed ends are more important than in any other type of bridge, 
particularly when arch is flat. An open spandrel arch is more affected by rise in 
temperature than a filled spandrel. Method is outlined for calculating moments and 
thrusts produced by variation in temperature. Formula for calculating the effect 
of shrinkage and arch shortening is similar to that for temperature.—J. M. 


BUILDINGS 


Reinforced concrete in Braml. A. Mercior. Le Constructeur de Ciment Arme. 
April, 1931, p. 73-77.— Review of development of reinforced concrete construction in 
Brazil with special reference to building recently erected in Rio de Janiero by evening 
paper “A Noite.’”’ Though designed by a French architect, it was built entirely by 
Brazilian engineers. Height of reinforced concrete sky-scraper, 328 ft.; area, 60 by 
230 ft. Loading on top floor: 102.4 p. s. f.; three lower floors: 307.2 p.fs. f.; imter- 
mediate floors: 51.2 p.s. f. Wind stress was assumed as 24.5 p.s.f. of entire surface 
above ground. A supercement was used, permitting an allowable stress as high as 
924.5 p.s.i., as breaking strength of concrete was established as 5400 p.s.i—M. A. C. 

New reinforced concrete skeleton structures in Hamburg, Germany. 
Pu. Esert. Bauingenieur (Germany), March 20, Apr. 3, 10, 1931, V. 12, No. 12-15, 
p. 216-9, 246-9, 264-7.—During last 2 years 3 typical reinforced concrete skeleton 
structures: an industrial plant, an office building and large dwelling house in Ham- 
burg, were erected. (1) Chemical plant consists of 7-story building 393.7 ft. long and 
75.5 ft. wide, and 3-story building 393.7 ft. long and 55.8 ft. wide connected with 
each other by subway and 2 concrete bridges on second floor. Both structures have 
reinforced concrete flat slab ceilings and reinforced concrete columns. Greatest 
spans of floor beams are 20.4 and 25.6 ft. Columns in lower part of buildings are 
heavily reinforced with spirals. Foundations rest on 13.4 in. square reinforced con- 
crete piles. (2) Office structure consists of 2 main wings connected by center building. 
It is 10 stories high. Limited space available for erection of scaffords made distribu- 
tion arrangements and transportation of building materials interesting. Concrete 
materials were delivered by boat and transported to site of construction by conveyor 
belt system. (3) Large apartment building with more than 100 flats and social 
rooms has T-shaped cross-section and is 9 stories high. It is a pure reinforced con- 
crete structure. Cantilevered walks are located around each floor. Ceilings and 
walls show new and interesting features.—<A. E. B. 


Dams 


Elliott Chute hydro power development. J. J. Tram ann N. F. Seymour. 
Canadian Eng., May 19, 1931, V. 60, No. 20, p. 13.—Dam of Elliott Chute develop- 
ment made by Ontario Hydro Electric Power Commission on South River in Ontario, 
consists of central concrete section including headworks and spillway between two 
earth fills. Concrete section 300 ft. long consists of a gravity section 125 ft. long, 
intake section 22 ft. long, sluiceway 58 ft. long and second gravity section extending 
into north earth fill. Concrete section is tied into earth fills at each end by concrete 
core walls.—G. M. W. 

Report on the development of arch dams in the United States of America. 
Fr. ToELKE. Bauingenieur (Germany), Feb. 20, 1931, V. 12, No. 8, p. 138-41.- 
Discussion of economic considerations for gravity dams and arch dams is followed by 
description of several types of dams (constant-angle-arch dam, multiple arch dam) 
built in United States (ef. Zeitschr. d. Vereins deutsch. Ingenieure (Germany), 1930, 
V. 74, No. 13, 15, 15 p.; Journat A. C. I., May 1931, V. 2, No. 9, Abstracts, p. 256). 
Theory for caleulation of cross-section is explained, with details of construction, 
especially joints.—A. E. B. 

Critical consideration of modern development of gravity dams. F. Torker. 
Bauingenieur (Germany), March 20, Apr. 3, 10, 1931, V. 12, No. 12-15, p. 231-5, 
249-51, 267-70.—Design and dimensions of gravity dams of reinforced and plain 
concrete are governed by entirely different viewpoints in different European and 
American countries. Three major groups can be noticed. Uneconomic structures 
based on Levy’s calculations and directions can be found in Spain and Switzerland. 
Spanish dams are distinguished in general by great simplicity in their design. A 
layer of rich concrete is usually placed on water and land side to decrease permea- 
bility. Italy makes efforts to establish relations between pressure coefficient and 
size of structure and conditions of rock bed. Latter are divided into 3 classes. Several 
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saporenmtative modern Italian and French dams with ingenious designs and very 
efficient drainage systems are described, also a number of German dams. Up to 
height of about 200 ft., dams show great similarity in fundamental principles in 
various countries while opinions concerning safety and economy of dams differ very 
much in case of dams above this height. Better knowledge is necessary about play 
of stresses in interior and suitable methods must be developed to combine both safety 
and economy. Hoover dam in U.S. A. is cited as example for latter case.—A. E. B. 


MISCELLANEOUS 


Frames and beams. ‘‘Rahmen and Balken.’’ JurrGeN Sraak, 1931, Julius 
Springer, Berlin (Germany), 281 pp. 448 illustrations, R. M. 20.00. Reviewed in 
Zeitschr. Ostr. Ing. u. Archit. Vereins (Austria), July 24, 1931, V. 83, No. 29-30, p. 
248.—Mathematical equations for calculation of several frame structures are given. 
Different types of beams with more than 300 different loadings are treated.— <A. E. B. 

Deflection of beam does not depend on shearing stress. A. MErSNAGER. 
Genie civil (France), March 28, 1931, No. 13, p. 323-324.—In a paper, presented 
before the French Academy of Sciences, it is demonstrated analytically that deforma- 
tion of extreme fibers in a beam depends only on longitudinal stresses and is not 
affected by shear. Computations apply to average stresses and average displacement 
of a deep rectangular beam and—with slight modifications—to any beam of constant 
cross-section.—M. A. C. : 

Compensating nomogram for the design of reinforced concrete beams. 
R. DeacuitiauME. Genie civil (France), May 23, 193i, No. 21, p. 522-524.—By 
means of a complex diagram, bending moments, shearing stresses, dimensions and 
reinforcement of concrete beams may be determined without apparent computation 
for “. given span and loading. A similar nomogram is worked out for slabs. 

Cutting corners in concrete structural design. J. R. Gorrz. Concrete, Oct. 
1931, V. 35, No. 4, p. 15-18.—The author submits charts for obtaining the area of 
compression steel in concrete beams and over-reinforced slabs. Chart No. 1 is con- 
structed so as to give value of a variable factor, G, when the depth of beam is fixed. 
This factor, G, substituted in the equation M = A’,G gives area of compressive rein- 
forcement needed. Factor G is obtained from allowable values of f.,n, and for various 
values of d. Chart No. 1 also contains curves for calculation of d when M and b are 
known and tension and compression steel areas are equal. Chart No. 2 gives quick 
method of determining area of tension steel in slabs whose normal effective depths 
have been decreased by architectural or other reasons.—N. H. R. 

Short-cuts in structural design. James R. Grirritn. Concrete, Oct., 1931,V.39, 
No. 4,p. 29-30.—A chart provides for quick calculations of earth pressure against 
foundation wall and of overturning moment about base. Equivalent fluid pressure of 
different soils is made an integral part of nomographic chart. —N. H. R. 

Reinforced concrete. ‘‘Eisenbeton.’’ ScHormNRock. 1931, Bonness and Hach- 
feld, Potsdam, Germany, 216 p., R. M. 9.00. Reviewed in Bautechnik ( Germany), 
Sept. 18, 1931, V. 9, No. 41, p. 615.—Book discusses all questions of calculation of 
fundamental forms of simple reinforced concrete superstructures.—A. E. B. 

Measurements on flat slabs without supporting girders. E. Prospst. Bauinge- 
nieur (Germany), Feb. 6, 1931, V. 12, No. 6, p. 105-6.—Comparison of stresses occur- 
ring in cross reinforced slabs leads to valuable information concerning the design 
of girderless flat slabs. Necessity for further investigations is emphasized since 
problem is not entirely solved. Experiments must be carried out until failure occurs 
to complete observations on larger structures.—<A. E. B. 

Varieties of flat slab construction. G. P. MANninG. Engineering (England), 
June 5-12, 1931, V. 131, No. 3412-3413.—American standards for design of flat slabs 
do not result in a construction having same factor of safety as results for slab and 

irder floor. American moment coefficients are based largely upon observed stresses 
in steel reinforcement under working load or test loads which lead to false values for 
moments since tensile strength of uncracked concrete has relieved or reduced steel 
tension. Since in beam and girder design tension of concrete is neglected if one wishes 
to design flat slab work with same factor of safety then true moment must be taken and 
not fictitious ones in typical American regulations. For example when diameter of 
column capital is .225 L total of positive and negative moments must not be less than 
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725 whereas the American requirements specify a total of from .5 to .6 a 
Moment coefficients for the A and B strips for both interior and exterior panels are 


given. There is also a discussion of bending in columns, arrangement of reinforce- 
ment, holes and sunk-panel floors.—G. M. W. 


Reinforced concrete columns. Engineering (England), July 3, 1931, V. 131, No 
3416, p. 5.—The National Physical Laboratory, England, has been studying stress 
distribution in reinforced concrete columns under axial and eccentric loading. 
Columns were 8-in. square and 8 ft. long reinforced with four 5-in. diameter mild 
steel rods braced by \-in. stirrups at 5-in. intervals. The mixture was 4:2:1 of 
Thames ballast, sand and Ferrocrete. Before loading, strains measured between 
the 2nd and 16th day after pouring amounted to 30 x 10-* over a 10-in. length at 
middle amounting to a stress in steel of about 900 p.s.i. Similar results were obtained 
with a column kept moist during hardening period. Results of axial loading up to 
63 days indicated adhesion between concrete and steel was maintained with an 
approximately linear relation between load and deflection up to a load of 30 tons, the 
strain expressed as a fraction of gauge length amounting to 7 x 10-* per ton, which 
gave a value of 4.56 x 10-* p.s.i. for Young’s modulus for concrete. This computed 
value of modulus was much higher than that obtained from test cylinders of same 
mix, and indicated ‘“‘creep’’ of concrete under long continued load.—G. M. W. 


The modified slope-deflection equations. L. T. Evans. J. Am. Concrete 
Inst., Oct., 1931, V. 3, No. 2, Proc., V. 28, p. 109-130.—To satisfy need for a more 
general set of slope-deflection equations that could be applied to members of variable 
moment of inertia in rigid frames, as well as to members of constant moment of 
inertia, two new general equations are derived and have been designated ‘‘modi- 
fied slope-deflection equations.”’ They are similar to slope-deflection equations found 
in text books and are applied in exactly same manner, and with same ease and speed 
for all types of sections. Although final design of a column differs from design of a 
girder, in solution of frame for moments there is no distinction made between girders 
and columns. Each member is considered as an elastic part of the frame and analysis 
depends upon moment of inertia distribution in each member and upon relative 
stiffness of each member with respect to others. It is evident coefficient derived for 
members usually used as beams may be used for columns and vice versa. Since it is 
possible to get such large increases in end moments, it seems inadvisable to neglect 
effect of haunches because of time required to take them into consideration. Equa- 
tions and curves are given in this paper to eliminate difference in time needed to 
design structure when members are considered as having a variable moment of 
inertia.—D. F. J. 


Experiments on steel columns with concrete casings. R.Saticer. Bauin- 
genieur (Germany), Apr. 10, 17, 1931, V. 12, No. 15-16, p. 255-8, 282-6.— Previous 
tests at Technical Experimental Station of Technical University in Vienna, Austria 
(ef. Zeitschr. Ostr. Ing. u. Archit. Vereins (Austria), Oct. 10, 1930, V. 82, No. 41-42, 
p. 361-2; Journat A. C. I., Jan. 1931, V. 2, No. 5, Abstr. p. 144) were continued with 
8 octagonal and 2 square columns. Each column 9.84 ft. long consists of two par- 
allel U-shaped steel beams of various profiles spaced at certain distances, rigidly 
connected and provided with spiral reinforcements. Diameters of octagonal columns 
are from 13.8 to 15.4 in. while square columns are 11.0 in. thick. Windings are of 
is, 4% and %%-in. rods and have pitches from 2 to 234 in. Ends of columns consist of 
steel rings. Spirals and rings are welded to steel columns. Aggregates were carefully 
prepared and mixed in proportions of 1 part fine sand (0 to \ in.), 1.8 parts coarse 
sand (\% to 34 in.) and 1 part gravel (3% to 34 in.). About 18.7 lb. cement were used 
for 1 cu. ft. of concrete. Temperatures during concreting and hardening were about 
60° F. Compressive strength and volume changes of concrete specimens were deter- 
mined parallel to column tests. In breaking columns it was found that loads at which 
first cracks appear were from 4.7 to 13.1% below ultimate stresses in case of octagonal 
columns, while in case of square columns cracking occurred under loads about 30.3% 
below ulitmate stresses. Based on these experimental findings formulas were derived 
showing relation between ultimate stresses and dimensions of columns.—A. E. B. 


The analysis of flat slab structures as rigid frames. P. PopGarstz. Beton 
Eisen (Germany), Sept. 5, 1931, V. 30, No. 17, p. 314-318.—The 1931 German Code 
permits the analysis of flat slabs as continuous beams with restrained supports or as 
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part of a rigid frame. In latter method columns may be considered fixed one story 
above and below floor in question and side sway is usually neglected. The method 
developed by Dr. he Beton Eisen 1926, No. 19 and 20) contrary to common 
ractice takes account of variation in section of slab and column head. Using 
arcus’ assumptions, particularly that floor load is not applied directly to column 
axis but is distributed on column head, author arrives at equations for cases usually 
encountered in practice.—A. A. B. 


Piles and pile foundations. J. Stuart Cranpauu. J. Boston Soc. Civil Eng. 
May, 1931, p. 176-189.—Pile-driving formulae are based on energy of blow and 
penetration of pile. There is no known relation between such dynamic resistance and 
static bearing capacity of piles driven in clays, silts and such relatively impermeable 
cohesive soils. In sands, gravels and relatively permeable, cohesionless soils resistance 
to rapid and slow penetration is about same. Development of formulae for dynamic 
resistance as proposed by Redtenbacker, Rankine, so-called Dutch formula, Hiley 
and Engineering News are given with limitations and values of several constants. 
There is proposed for soils of sand and gravel type a formula as follows with safety 





factor of 6: Ra = 2 oW (h — ho) x= W — where Ra = allowable static load, 
e = efficiency of hammer, W = weight of hammer striking parts, Wp = weight of 
ile, S = penetration of pile per blow in inches, h = height of fall of hammer, ho = 


eight of fall of hammer below which there is no penetration of pile. ho is to be 
determined experimentally in field for given driving conditions. Piles in silt, clay, 
etc. have high point resistance as driven; but a low friction resistance as water is 
forced out of soil and lubricates, side of pile. After some time, water is reabsorbed 
and point resistance becomes low and friction resistance high. Static resistance is 
thus nut directly related to dynamic resistance. Formulae depending on redriving 
resistance or Rankine’s theory of conjugate stress are based on questionable assump- 
tions. Loading of soils by piles driven in groups depends on spacing of piles. Soil 
stress is reduced by use of larger and fewer piles. Piles in close spaced group thus will 
not support as great a load as same number more widely separated.—M. N. C. 


Strength of concrete block pilasters under varied eccentric loading. J. R. 
SHANK AND H. D. Foster. Ohio State University Engineering Experiment Station 
Bul. 60.—Seven full size concrete block pilasters were tested in such a manner as to 
produce same loading condition as that caused by carrying a uniformly loaded beam 
deflecting 1 in 360. A specially designed device to produce this effect consisted of a 
system of 4 wedges driven by large screws between 2 heavy plates. Increments of 
slope were produced by driving one pair of wedges in and another out so that bottom 
pte pivoted about a point in neutral axis of simulated deflecting beam. Testing 
oad was put on in increments of slope each followed by an increment of load. Work- 
ing load was taken as 90 p.s.i. average on bearing plate area. At working load the 
loading plate of special device sloped 0.00889 in. per in. This slope was maintained 
Fame 9 further increments of loading to ultimate. This made it possible to obtain a 
factor of safety for conditions at working load. Two sizes of piers of three different 
materials were tested; 12 by 16-in. pilasters 10 ft. high under 12 by 16-in. bearing 
plates, flanked by 8 by 8-in. walls, lining up with one pilaster face; and 16 by 16-in. 
pilasters 14 ft. high under 16 by 16-in. bearing plates, with similarly placed walls 8 
in. long by 12 in. thick. The materials used were cinder block, gravel concrete block 
and Haydite block. A seventh pier of the larger size was constructed of special 
Haydite block. The factors of safety, based on unit working stresses, in pairs, in 
order of materials as stated, beginning in each case with smaller are: 4.3 and 2.7, 6.4 
and 8.5, 6.3 and 5.7, and 4.7 for the special Haydite pier. Other observations are: 
The unit ultimate strength of pier was one-half that of block unit. Maximum unit 
stress under bearing plate out at edge of pilaster was four times working unit stress. 
A 1:3 portland cement mortar tempered with 10% of hydrated lime was adequately 
strong. Lateral deflection of pier was at no time of serious consequence. Lateral 
deflection curves were aaliaaty similar notwithstanding large differences in moduli 


of elasticity. Internal bending due to eccentric loadings extended down into piers 
for distances roughly proportional to moduli of elasticity. Flanking walls took up 
their share of bending throughout pier height. Compression was taken up a little 
at top but it increased down pier until at mid-height walls were taking 80% of their 
share as based on relative cross-sectional area.—J. R. 8. 
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Design of quay walls. H. SavaGe. Concrete Constr. Eng. (England), Sept., 
1931, V. 26, No. 9. p. 510-517.—Procedure is outlined for design of quay walls con- 
sisting of a row of sheet piling along front, pairs of raking piles at regular intervals 
along back, 2 horizontal slab, and a vertical slab. Data necessary for design are same 
as for any retaining wall. Method of design is essentially one of trial—a trial plane 
of rupture is considered and a corresponding earth pressure diagram determined. 
The effect of buoyancy has been a neglected factor—this can be considered by 
reducing pressure on sheet piling by buoyancy of that part of filling which is under 
water —J. M 

Experiments with beams reinforced with steel. ‘‘Versuche mit stahlbe- 
wehrten Balken.’’ H. Burcanrrz, L. KrueGer, W. GEHLER AND H. Amos. 1931, 
Wilhelm Ernst and Son, Berlin (Germany). Publication No. 66 of German Com- 
mittee for Reinforced Concrete. R. M. 12.00. Reviewed in Zement (Germany), 
Sept. 24, 1931, V. 20, No. 39, p. 876.— Report on experiments with rectangular beams 
and slab beams to study effect of compostion and compressive strength on cracking 
and breaking load of test specimens reinforced with high quality steel rods. Change 
of compressive strength of concrete is of no importance for cracking and breaking 
load.—A. E. B. 

Tests of a flat slab. M. Genet. Beton Eisen (Germany), Sept. 20, 1931, V. 30, 
No. 18, p. 328-332.—<A test was made in Triest on one third floor panel of a flat slab 
structure. Panel size: 16.5 by 16.0 ft. by 7.5in. Story height above and below panel 
tested: above 11.5 ft. (cols. 10 by 10 in.), below, 13.4 ft. (cols. 18 by 18 in.). The 
design load was 204 p.s.i. and the test load 237 p.s.i. Readings were taken at 30 
points. Moments computed from tests were compared with various current methods 
of analysis, with conclusions: (1) The analysis of the flat slab as part of a rigid frame, 
either with or without consideration of variation of J of column and slab, agrees 
satisfactorily with the test results. (2) The approximate formulas of German Code 
yield too large moment values and those of American Code too small values.—A. 
A. B. 

Strength of concrete specimens. Canadian Eng., Sept. 8, 1931, V. 61, No. 10, 
p. 10.—The American Association of State Highway Officials has drawn the following 
cone lusions relative to standardization of methods and apparatus for making flexural 
tests of concrete, load applied at the third points. Depth of specimen must be 
standardized to obtain concordant results. 2. Width of specimen has little effect on 
modulus of rupture. 3. Variation in length of span has little effect. 4. Different 
laboratories with similar materials and methods of test can check with a variation 
not exceeding 5%—G. M. W. 


ROADS AND PAVEMENTS 


Reinforcement of rails for urban lines. Le Strade (Italy), Feb., 1931, p. 28- 
29.—Weak point in urban street paving where there are street car rails is adjacent to 
rails and at joints in rails. Cause of defects is lack of sufficient support at joints. 
Deflection should not be more than 0.004 in. Computation for deflection under 
assumption that rail is a beam of indefinite length resting on elastic soil indicates 
desirability of supporting rails on reinforced concrete footings. Rails may well form 
a part of reinforced concrete beam—C. G. C. anp M. N. C 

Reinforced concrete pavement design. P.M. Tresss. Canadian Eng., May 
26, 1931, V. 60, No. 21, p. 25.—Design of concrete pavements in Pennsylvania has 
gone through a process of evolution. From 1915 to 1918 slab was made 7 in. thick 
at center, 5 in. at edges on flat subgrade with 25 lb. expanded metal per square yard 
placed 2 in. below the upper surface. Slab lengths were 30 to 40 ft. and mixture 
1:2:3. From 1919 to 1922 depth was increased | in. and reinforcement changed to 
65 lb. welded wire fabric with distance between expansion joints increased to 180 ft. 
In 1924 thickened edge thin center type of slab with doweled longitudinal joint was 
adopted. Quality of concrete is such that it will have a modulus of rupture of 600 
p.s.1. at 28 da. Dimensions are now 7 in. center thickness with 8 in. edge and 8 in. 
center thickness with 10 in. edge. Reinforcement consists of two 5¢-in. bars adjacent 
to outer edge and one 5¢-in. bar adjacent to all interior edges. One half inch trans- 
verse expansion joints are placed about 175 ft. apart and transverse planes of .weak- 
ness to control transverse cracking are placed 61 ft. apart.—G. M. W. 

The development of concrete road construction. ‘*De Ontwikkeling van 
den Betonwegebouw.”’ P. W. Scuarroo. 1930, Moorman’'s Periodieke Pers, den 
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Haag (Holland), 141 p., 56 illustrations, price fl. 2.90. Reviewed in Bauingenieur 
(Germany), Feb. 6, 1981, V. 12, No. 6, p. 113.—First part discusses development of 
automobile traffic in Holland and other countries, advantages of concrete roads and 
their disadvantages (necessity of perfect construction process and long curing period). 
European concrete roads are compared. Second part deals with cross-sections, con- 
crete mixes, reinforcement and expansion joints. Use of only one concrete mix 
is suggested. Treatment of surface with chemicals is not recommended. Last 
part of book is devoted to cements and aggregates, proportioning of mixes, construc- 
tion control, roadbed construction, forms, concreting and curing and repairs of con- 
crete roads.—A. E. B. 


Studies in paving concrete. F. H. Jackson anp W. F. KetuerMAN. Public 
Rds., Aug., 1931, V. 12, No. 8.—The tests described in this report were made for 
the purpose of determining the effect of a number of variables involved in the construc- 
tion of concrete pavements upon the strength, density and other properties of the 
pavement slabs. Among the factors studied were effect of (1) increasing percentage 
of coarse aggregate in mix; (2) varying type of finishing machine; (3) varying grading 
of coarse aggregate; (4) varying consistency of mix. Average transverse strength and 
uniformity in strength of each pavement slab were obtained by testing large beams 
taken directly from test section. Results were compared with results of tests of 
beams molded alongside test section at time of placing. Compression tests were 
obtained by drilling cores in each test section and by molding cylinders alongside 
test section. Uniformity of concrete for each test condition was determined by exam- 
ining finished structure for presence of honeycomb, amount of honeycomb being used 
as a measure of workability of concrete. Total of 265 test sections, each 9 ft. wide 
by 9 ft. long by 7 in. deep, were tested. The conclusions reached as a result of the 
study follow: (1) Fora constant sand-cement ratio, an increase in quantity of coarse 
aggregate beyond limits ordinarily employed in practice decreased strength of con- 
crete in pavement substantially in proportion to the amount of additional water 
required to maintain workability. (2) For corresponding increases in water-cement 
ratio reentage of reduction in flexural strength was somewhat less than percentage 

of ‘asian tion in crushing strength. (3) Workability and uniformity in strength of 
pm was decreased in proportion to amount of coarse aggregate added. (4) 
The workability of the concrete was greatly reduced by decreasing maximum size 
and at same time increasing amount of fines in gravel coarse aggregate, even though 
corresponding variations in percentage of voids in gravel and corresponding variations 


in value of > for the concrete was small. (5) For gravel concrete reduction in worka- 


bility for any mix due to use of poorly graded gravel was greater than reduction in 
workability due to increasing percentage of coarse aggregate in concrete containing 
well graded material. (6) For a given consistency as measured by slump test, differ- 
ent gradations of gravel produced different degrees of workability. (7) For a given 
gradation of coarse aggregate the consistency as determined by the slump test 
measured workability of concrete. (8) For a given proportion, higher slab strengths 
were obtained with concrete having a medium consistency than with very dry 
concrete. (9) In order to, secure satisfactory uniformity and freedom from honey- 
comb it was necessary to use a consistency corresponding to a slump of approximately 
2-in. to 3-in. (10) The various types of finishing machines employed in tests gave 
approximately same results. (11) For concrete reasonably free from honeycomb, 
strength of control beams appeared to be a satisfactory measure of strength of cor- 

nding pavement slab. (12) Neither amount of honeycombing observed in 
drilled cores or crushing strengths developed by drilled cores measured extent of 
tT in pavement slabs or flexural strength developed by pavement slabs.— 


ARCHITECTURAL DESIGN 


Stucco lessons from ancient craftsmen. T. A. Day anp Joun F. Ryan. 
Concrete Products, Sept., 1931. V. 40, No. 9, p. 26-28.—A review of history of use 
of plaster as a wall covering is illustrated with a number of good exteriors of better 
class of stucco work.—E. S. H. 


Modern designs of bridges of steel and reinforced concrete. F. Erse.en. 
Deutsche Bauztg. (Germany), 1931, No. 17-18, p. 105-12.—A critical study of aesthetic 
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value of modern bridge structures is made and various architectural designs illus- 
trated. Development of modern construction methods is reviewed and explained 
with illustrations of girder arch and suspension bridges.—A. E. B 

Shaping of reinforced concrete structures on the basis of their static 
expression. A. Weiss. Zeitschr. f. Bauwesen (Germany), 1931, No. 1, p. 1-28.- 
Designs of modern reinforced concrete structures are criticized and explanations given 
for favorable and unfavorable effects. Properties of reinforced concrete are descrived 
from standpoint of architect for production of aesthetic effects. Total of 70 illustra- 
tions are reproduced to facilitate understanding of ideas presented.—A. E. B 

Hospitals of reinforced concrete skeleton type. Zement (Germany), Aug. 6, 
1931, V. 20, No. 32, p. 745-6.— Absolute fireproofness is first governing principle for 
hospital construction methods. Skeleton of reinforced concrete is ideal solution. 
Size of windows, doors and other openings is not limited and air and sun are not 
barred from sick rooms. Construction of cantilevered balconies, sun porches, etc. 
can be easily carried out. Good sound and heat insulation can also be obtained. 
A. E. B. 

The Touquet-Paris-Plage swimming pool. P. Caras. Genie civil (France); 
Aug. 22, 1931, V. 99, No. 8, p. 181-186.—Swimming pool, 217 by 82 ft. with a capacity 
of 94,500 cu. ft., is built in open air with a concrete walk on three sides and a stadium 
capable of seating 3,500 people. Pool is semi-elliptic in shape and built entirely of 
reinforced concrete, in which a supercement was used. Entire structure, also of 
reinforced concrete, extends over a distance of more than 650 ft. and to a depth of 
over 195 ft. Considerable difficulty resulted from discovery of a quick-sand pocket. 
Much attention was given to aesthetic appearance of cyan gs and aggregate used 
in surfacing was selected with this consideration in mind.—M. 

The Nikolai _? in Dortmund, Germany. Henmics sae Bauingen- 
teur (Germany), Jan. 2, 1931, V. 12, No. 1, p. 4-6.—Entirely new and modern princi- 
ples govern architec pd design of recently finished church structure in Dortmund, 
Germany. Fine reinforced concrete skeleton and glass are practically only structural 
materials of building. Nave has wedge shaped cross-section, reducing towards 
altar room. On opposite side are located large hall, chapel and reception room. 
Tower erected separately from main church body is 21.7 ft. square and 167.3 ft. high. 
Altar room is enclosed on 3 sides by glass panels held by thin reinforced concrete 
frames. Corner columns are only 12 in. square. Roof of altar room is reinforced 
concrete slab rigidly connected with beams of main structure. Foundations are built 
on sound layer of marl. Exterior of concrete has no surface finish; wooden forms were 
planed on one side. Sliding forms were used for construction of tower. Concrete 
distribution tower was erected in its center. Aggregates were very carefully selected 
and no coarse gravel used. Aesthetic mag iy? of structure has been discussed in 
previous article (cf. Zement (Germany), Jan. 1, 1931, V. 20, No. 1, p. 1-24; JourRNAL 
A.C. 1L., Apr. 1931, V. 2, No. 8, Abstracts, p. 2° 2). A. E.B 


FIELD CONSTRUCTION 
BRIDGES 


Du Bois street bridge, Montreal, Que. J. F. Brerr. Canadian Eng., June 30, 
1931, V. 60, No. 26, p. 9.—The Du Bois bridge is a reinforced concrete bowstring arch 
with a center span of 146 ft. with 2 cantilever arms, 13 ft. long, on either side, and 
built on a skew with longitudinal axis of deck m: aking an angle of 103 deg. 47 min. 
with abutments. Roadway, 36 ft. wide between bow strings, with cantilevered 
sidewalks 6 ft. wide is designed to carry live loads considerably heavier than usual 
class “‘A” specifications for this length of span. Each rib is made up of two octagonal 
booms which are heavily reinforced with longitudinal bars and spirals, designed for a 
concrete strength of 4000 lb. and a working stress of 1400 p.s.i. Concrete mix used 
for ribs was 1 part cement to 4 parts aggregate, loose volumes and for remainder a 
1:6 mix. One compression cylinder was made for each 20 yd. of concrete and the 
28-day strength ranged from 3600 to 4500 p.s.i. Electric vibrators were used to com- 
pact concrete in ties and booms. After stripping forms, exposed surfaces were rubbed 
down with power surfacers and coated with mixture of cement and water.—G. M. W. 

The construction of a highway bridge over the river Danube near Gross- 
—: Germany. HEINRICH BOERNER. Bauingenieur (Germany), March 20, 
1931, , No. 12-13, p. 203-8.—Two reinforced concrete beams, spaced 13.1 ft. 
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apart, rest on 2 river piers and shore abutments forming 3 openings: 139.4, 201.8 and 
139.4 ft. Beams are cantilevered 60.7 ft. and connected by center slab. 80.4 ft. long. 
Parallel beams are from 2.3 to 4.3 ft. thick and from 8.3 to 17 ft. high. Longitudinal 
rods are 134 in. in diameter. Beams of center slab are 8.9ft. high. Slab rests on 1 
stationary and 1 movable bearing. Roadway is 18 ft. wide with 2 cantilevered side- 
walks. It is cross reinforced and 7 in. thick. Foundations of abutments and river 
piers were built in open excavations with steel sheet pilings. One pier was built on 
wooden piling; about 100 16-ft. piles were driven in an area of 860 sq. ft.—A. E. B. 


BUILDINGS 


Recent Developments in light weight floors and roof construction. Burris 
B. Brown. J. Boston Soc. Civil Eng., June, 1931, p. 195-224.—Steel joists, junior 
beams, built-up joists and battledeck floors are discussed as to advantages, fire- 
proofness and use. Likewise construction with decking of gypsum, Haydite, Aero- 
crete, and Porete is considered and cost figures given.—M. N. C. 

Economic installations for construction of dwelling houses. RA®rrTH ina. 
Bauingenieur (Germany), Jan. 9, 1931, V. 12, No. 2, p. 28-33.—Suggestions are given 
for use of simple installations for transportation of structural materials and dwelling 
house construction program is described. Special consideration is given to conveyor 
belts and handling of concrete.—A. E. B. 

Costs of school floors. JoserpH B. Harriman. J. Boston Soc. Civil Eng., June 
1931, p. 225-232.—Local actual costs of various designs of floors for fire-resistive 
school buildings were studied in coéperation with contractors and sales engineers for 
the several systems. Thirteen types of floor systems were considered and costs 
shown; bar joist lowest in cost and flat arch highest. Cost of wood joist floors vs. 
fire-resistive floors is also considered and shows a lower cost.—M. N. C. 

The development of superstructures in Berlin, Germany, during the last 
5 years. Reimers. Bauingenieur (Germany), Feb. 20, 27, 1931, V. 12, No. 8, 9, p. 
133-8, 151-7.—New cements, such as: Erz, Kiihl, Novo, blast furnace slag and high 
alumina cements were used to great extent for recent superstructures. Proportioning 
and mixing of concrete is improved by automatic equipment. New ceiling designs 
(cross reinforced Pilz-slab) have been developed. Use of light concrete (Cell-con- 
crete, Aerocret-gas-concrete) of high compressive strength and first class insulating 
properties has increased rapidly. Excellent results were obtained with Torkret spray 
process. Concrete pump and Pumpkret process were introduced 2 years ago. Great 
changes were made in concrete forms leading to very economic methods. Several 
new methods for dwelling house construction have failed. New principles have been 
applied to winter concreting. Combinations of concrete and glass for ceilings and 
walls are much in favor.—A. E. B. 

Light concrete for construction of dwelling houses. Tu. BENNING. Zement 
(Germany), Aug. 6, 1931, V. 20, No. 32, p. 744-5.—Failures of construction methods 
with light concretes, aggregates of which consisted of pumice, volcanic ashes and 
granulated slags can be prevented when concrete is properly prepared which requires 
considerable knowledge and experience. Only disadvantage is relatively low com- 
pressive strength of materials, but usually this factor is of no importance in dwelling 
house construction. Wall thickness can be much less than masonry walls on account 
of excellent heat insulating properties of light concrete. Ceilings are preferably made 
of reinforced concrete and must be rigidly connected with vertical walls. Cracks 
which occur in structures built with concrete blocks are mostly due to small surface 
of joints. Dry blocks absorb too much water from mortar and destroy its proper 
composition. Mortars must be rich and plastic and concrete blocks must be wetted 
before being placed.—A. E. B 


Dams 


Formation of cracks in large concrete gravity dams. F. SieMONSEN. Bau- 
ingenieur (Germany), March 13, 1931, V. 12, No. 11, p. 196-7.—-Occurrence of cracks 
in unusually large number in concrete dam, Saint Marc, France, was reported in 
yrevious article (cf. Bauingenieur (Germany), 1930, V. 11, No. 38). Causes are: (1) 

elatively small amounts of concrete were poured daily and set separately. (2) 
Concrete was spread over large area with great surface thus forming eedes of very 
a 3) Formation of cracks was favored by very long and narrow blocks. 
—A. E. B. 


Development at Seven Sisters Falls. H. C. Ligertwoop. Canadian Eng., 
June 23, 1931, V. 60, No. 25, p. 15.—The Seven Sisters Falls development on the 
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Winnipeg River with an ultimate output of 225,000 H. P., undertaken in Manitoba 
by Northwestern Power Co. Ltd. of Winnipeg, includes a 6-unit power house with 
solid concrete masonry dam, regulating sluices and spillway across main reach of 
Winnipeg river and low dy kes extending several miles upstream. Timber cribs, con- 
structed on shore and sunk in position by rock filling, served as a coffer dam to permit 
unwatering of site. About 175,000 cu. yd. of rock excavated from power house and 
tail race area was crushed and used for concrete aggregate. Mixer plant consisted 
of three l-yd. mixers set at foot of 300-ft. tower, from which concrete was distributed 
in power house construction. Concrete for dam was transported in l-yd. steel cars 
on track supported by upstream cofferdam cribs. Aggregates and bulk cement were 
proportioned by weight. Frequent —- tests were made to control consistency and 
cylinders were tested at 7 and 28 da.—G. M. W 


Construction of storage basin and transportation facilities of the storage 
power station, No. bee 787 Germany. Watcu. Bautechnik (Germany), Nov. 
14, 1930, V. 8, No. 49, p. 737-41.—Storage basin near Bringhausen, Germany, of 
hydro power developme nt ‘of river Eder has capacity of about 994,000 cu. yd. and 
nearly rect: ungular shape. Two sides of basin are bordered by concrete walls while 
gravity dam is erected at third side. Transportation of structural materials to site 
was under greatest difficulties on account of desolate location of dam and great 
differences in height. Details are given of geologic character of location, arrangement 
of site of construction, concrete plant, concrete distribution and towers, composition 
of mixtures, surface treatment of concrete and construction progress.—A. E 


Installation, concrete composition and waterproofing of underground 
during construction of Pack dam, Austria. HeErnricu 7 DEMUND. Zeitschr. 
Ostr. Ing. u. Archit. Vereins (Austria), July 24, Aug. 7, 1931, V. 83, No. 29-32, p. 
235-7, 249-51.—Crest of gravity dam neat Koeflach, yon be is 656 ft. long, 
10.5 ft. wide and 108.3 ft. high; base is 82 ft. wide. Entire structure is made of con- 
crete and has no stone facings. Water side of dam is protected by layer of reinforced 
Torkret and 2 water repellent coatings. Expansion joints divide entire length of dam 
into 10 sections each 65.6 ft. long. Asphalt and copper strips follow movement of 
dam without being damaged. Several control channels are built in for constant 
inspection of structure which has efficient drainage system. Great difficulties were 
encountered in arranging installations at site of construction. Question of distribu- 
tion and transportation of concrete was successfully solved. Description includes 
production and preparation of aggregates, composition and strength of <-oee 
cement injections into rock bed and general progress of construction.—A. E. 


Manufacturing concrete of uniform quality. Wm. M. Hatt, Proc. Am. Soc. 
C. E., May, 1931, V. 57, No. 5, p. 675-697.—In 1925 uniform methods of inspection 
and control were adopted in construction of 9 locks and movable dams built along the 
lower 400 miles of the Ohio river. All of these are now in service. The work repre- 
sents 750,000 cu. yd. of concrete and a total construction cost of $115,000,000. These 
constitute the last of a series of 50 built to maintain slack water depth of 9ft. Abrams 
water cement ratio was adopted as basis of control and inspectors were given careful 
preliminary training in field control methods. The mix per cu. yd. of concrete con- 
sisted of 5 bags cement, 25 lb. hydrated lime or other approved admixture and 25 cu. 
ft. gravel per batch (6 bags cement used on reinforced work). Sand enough to yield 
15% or more excess of mortar was used. Water was proportioned to produce a 
slump of 2 to 4 in. for mass concrete, workability control being covered by provision 
that the feet sink not less than 2 in. nor more than 10 in. in freshly spread concrete. 
Aim was to produce 2000-lb. concrete at 28 da. and 2800-lb. concrete at 6 mo. Careful 
testing records were kept and it was possible to find what seemed to be an adequate 
explanation for about half of tests that fell below proposed strength. Bond failures 
between mortar and larger aggregate particles and poor ends resulting in longitu- 
dinal splitting were two of most frequent of discernible causes of weakness in test 
specimens. When duplicate specimens disagreed it was assumed that stronger 
specimen gave more representative test result. Bulkhead forms were removed from 
6 ft. lifts after 24 hr. in summer but successive pourings on a lift were not permitted 
in less than 48 hr. A few men could walk on the concrete after 6 hr. for purposes of 
brushing. Cement (brand or lot fineness, etc.) was most important of materials 
variables. Operating technique of sampling and testing was deemed important. An 
appendix on making and seasoning is given by Clifford F. Little and another on 
standards of inspection by R. W. McBeth.—H. J. G. 
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MISCELLANEOUS 


Introduction of construction control into the practice. Fritz EMPERGER. 
Zeitschr. Ostr. Ing. u. Archit. Vereins (Austria), June 26, 1931, V. 83, No. 25-26, p. 
211-2.—New method is proposed for efficient control of structural materials, cement 
and concrete at site of construction. Great advantages and benefits for contractor 
and builder are discussed. Needs of proper et 5 and instructions are empha- 
sized and careful examinations are demanded.—A. E. B. 


The preservation of concrete pipes of sa ei and nee systems of 
large city. Weipiicu. Techn. Gemeindeblatt (Germany), 1931, No. p. 42- 
Large concrete pipes of oval cross-section (from 15.7 by 23.6 in. to 30. 5 by 50 in.) 
were considerably improved against corrosive action by linings of glazed stones. 
Experiences with such pipes in sewer system of Bl: ankenburg, Germany, were very 
satisfactory.—A. E. B. 


A shore lining of precast reinforced concrete parts. Leipotp. Bauingenicur 
(Germany), Jan. 23, 1931, V. 12, No. 4, p. 69-70.—Precast units are L-shaped, 35.4 
in. high, 28.3 in. wide and 4.9 ft. long. They rest on steel sheet piling and concrete 
foundation. Reinforcings consist of *¢-in. rods placed 6 in. apart. Weight of each 
= oo 2000 Ib. Joints were filled with cement and provided with tar packings. 

King street bridge, Gananoque, Ont. W. D. Procror. Canadian Eng., 
Sept. 8, 1931, V. 61, No. 10, p. 7.—To replace a wrought iron truss bridge town of 
Gananoque has built a bridge consisting of 3 I-beam spans carrying reinforced con- 
crete deck and concrete hand rail. Two river piers are of reinforced concrete and 
abutments of semi-gravity type reinforced, carried to solid rock. Roadway slab is 
7 in. deep reinforced by °-in. round rods at 8 in. centers and supported on 30-in. 
126-lb. I-beams 3 ft. 10% i in. on center. The facia beam carrying the hand rail is 
wrapped with mesh reinforcing and concreted in, a fasle camber 7. ogy, sO 
finiehed job would show a straight line. Total cost was $41,400. . M. 

The manufacture of sea water resistant concrete or mortar. Waiter 
Marscuner. Zement (Germany), Sept. 24, 1931, V. 20, No. 39, p. 875.—Chlorides 
present in sea water dissolve lime of portland cement structures and sulfates form 
non-resistant calcium sulfoaluminates. Durability can be obtained by use of high 
alumina cement, admixtures of alkali salts of fatty acids or water repellent coatings. 
Subject of recently applied patent (H 121,426) is addition of phosphorites or other 
insoluble salts of phosphoric acid to cement, portland, high early strength or high 
alumina cement. Results with a mixture of 70 parts of cement, 30 parts of phos- 
phorite and 300 parts of sand were good. Other proportions are also promising 
Specimens made of this mixture showed great resistance when stored in a 20% solu- 
tion of ammonium sulfate. Liberated lime of cement is converted into insoluble 
calcium phosphate and can not be attacked by sea water.—A. E. B 

Protection of concrete by metal coatings. Ricnarp Grun. Zement (Ger- 
many), Sept. 17, 1931, V. 20, No. 38, p. 855-8.—Coatings of bitumen when properly 
prepared are very effective means for protecting concrete against aggressive liquids 
(even free acids and salt solutions). Deterioration takes place when water enters 
concrete through leaks in coating, attacks concrete and causes scaling off of coating. 
Even dense coatings give insufficient protection when liquids diffuse through coating 
due to osmotic pressure. Sprayed metal coatings protect concrete very efficiently, 
especially against aggressive salt solutions and free acids. Effect of coating can be 
improved by giving concrete a smooth surface before spraying. A. E. B. 

Estimating cost of concrete work. Lestie H. ALLEN. Concrete, Sept., 1931, 
V. 39, No. 3, p. 21.—The business-like contractor keeps a separate account for his 
plant and charges each mixer, hoist, and similar item, to each job at a weekly rental 
sufficient to cover repairs and amortization, or charges entire cost of each item to job 
and credits job with its salvage value when ‘building i is completed. Cost of small tools 
furnished to job should also be included. No exact method of figuring cost of cold 
weather construction can be prescribed. A typical estimate of cold weather expense 
is given. Insurance should include cost of workmen’s compensation, public liability, 
fire, tornado, payroll robbery, and other items. Rates vary with different trades 
employed and are based on different manual rates in every state.—C. B. 


Operation of central mixing plants. Frank I. Givsperc. Canadian Eng., 
Sept. 8, 1931, V. 61, No. 10, p. 19.—Author outlines progress in central plant design 
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during past three years and points out methods of control and operation which will 
be most economical. Some of topics included are types of plants, unloading and stor- 
ing of aggregates, handling of bulk cement, combination mixing and proportioning 
plants, delivery of pre-mixed concrete in agitator, semi-agitator and plain trucks, and 
types of truck mixers.—G. M. W. 

Repair of deteriorated concrete. Canadian Eng., Sept. 22, 1931, V. 61, No. 12, 
p. 14.—A report by American Railway Engineering Association lists some of funda- 
mentals involved in patching of concrete. All loose material should be removed as 
well as rust or scale from reinforcement. Surfaces should be cleaned and roughened 
and saturated with water just prior to patching. Sufficient reinforcement must be 
properly placed. First coat of patching material must be applied with force by means 
of compressed air or throwing so there will be no air or dust film between patch and 
old surface. Moist curing should continue for a period of 10 days, during which time 
evaporation should be prevented. Patches should not be feather edged but rather 
the boundaries should be cut square or under cut. Generally patching with cement 
guns is superior to hand patching due to lower water content and more forceful 
application of material.——-G. M. W. 

Winter jobs in concrete construction. MacNauauton. L'Energia Elettrica 
(Italy), 1931, No. 4, 13 p—Methods of concreting, heating of concrete materials, 
mixing of aggregates, formwork and protecting installations used for several recently 
built hydro-electric power stations during strong frost periods are described and 
economic viewpoint of construction methods shown.—A. E. B. 

Reinforced concrete poles. ‘‘Maste aus Eisenbeton.’’ Ruieprert. 1930, edi- 
tor: Zementverlag, Charlottenburg, Germany, 35 p. R.M.1.80. Reviewed in Bau- 
technik (Germany), Sept. 18, 1931, V. 9, No. 41, p. 617.—Book is review of achieve- 
ments in reinforced concrete pole manufacture. It points out advantages and dis- 
advantages of different products: spun concrete poles, reinforced concrete poles by 
Kisse and Wolle-process and poles made by Porr process. Included are also details 
of ‘/—*: pole footings, specifications and economic comparisons with wooden poles. 

A. E. B. 


High reinforced concrete stacks. MaNnGo.Lp. Beton Eisen (Germany), Aug’ 
5, 1931, V. 30, No. 15, p. 286-287.—Two largest monolithic reinforced concrete 
chimneys in Europe have just been completed at Ilse power plant, with a height of 
460 ft. The concrete was placed by means of sliding forms 3.3 ft. high at a rate of 
8.2 ft. per day. The two stacks including foundations were completed in 5 months. 
At top of shafts a heavy concrete belt forms a cap ornament and means of suspending 
interior and exterior scaffolds for inspection or repair.—A. A. B. 


Concreting with sliding forms for new structures in Russia. Max Mayer. 
Bauingenieur (Germany), Jan. 16, 1931, V. 12, No. 3, p. 52-3.—New and interesting 
experiences with sliding forms in Russia show importance of sufficient reinforcing of 
rods supporting scaffolds. Weight of scaffolds, platforms, laborers, concrete, cranes 
and installations for protection of concrete against frost must be considered. Most 
suitable height of forms is 4 ft. Average daily progress of concreting is about 3 ft. 
Special precautions for winter jobs include heating of concrete materials, tightening 
of surrounding formwork and protection of materials. Hints for accident prevention 
are given. New viewpoints for dwelling house construction with sliding forms are 
presented.—A. E. B. 

Rapid construction of a 190 ft. reinforced concrete water tower is possible 
by using sliding forms. Lupwic FriepLaenperR. Bauingenieur (Germany). 
March 20, 1931, V. 12, No. 12-13, p. 220-5.—Cylindrical tower is 37.1 ft. in diameter 
and 190 ft. high. Walls are 10 in. thick. Low pressure tank of 95,000 gal. capacity 
is 23 ft. high and 28.9 ft. in diameter and is located 25.4 ft. above street level. High 
pressure tank is 151 ft. high and holds 42,000 gal. of water. Sliding forms of Mac- 
donald system were used and entire structure was completed within 45 da. Average 
concreting progress was 8.2 ft. per day. Floors above basement and below low 
pressure tank were built separately from main tower structure and rest on 6 columns 
connected by reinforced concrete ring. Calculation of stresses, distribution of rein- 
forcements, transportation of concrete materials and continuous progress of con- 
struction are described.—A. E. B. 


Jinzoseki- an artificial stone. Engineer (England), June 12, 1931, V. 151, No. 
3935, p. 661.— Artificial stone, having appearance and durability of granite, called 
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Jinzoseki is used in Japan in form of pre-cast blocks. It consists chiefly of cement and 
small chips of stone or granite, and if ime is added to cement to increase its whiteness. 
In some cases white portland cement is used. Jinzoseki attachment is a finish given 
to a concrete or lathed wall surface applied in 2 or 3 coats to at thickness of about %4 in. 
An example of its composition is as follows: First coating, 14 in., one part cement to 
3 parts river sand. Second coating, 4% in., 1 part cement 2 ‘parts granite chips. 
Coating is finished either by washing with an a. before the last coat is dry, or 
polishing with a grindstone after hardening.—G. M. W. 

Precast foundation piles. Canadian me, : pin 30, 1931, V. 60, No. 26, p. 14. 
Reinforced concrete piles, a development of past 30 years have been brought to a 
high standard of efficiency. Design is governed by two factors side supporting power 
of soil, and strength as concrete beam to permit of safe handling and driving. Min- 
imum ‘depth of embedment of concrete should generally be 11% in. or more. While a 
concrete mixture of 1:2:3 or 1:114:3 will usually serve for body of pile a mix of 1:1:1 
is better suited for top 5 ft. to withstand blows of driving ram. Concrete should be 
thoroughiy mixed and consistency controlled by slump cone method. Generally pile 

‘an be rolled off bottom form board in 10 da. and can be driven i in 6 weeks. Weight 
of driving ram should be about one half we ight of pile with maximum pull of 3 ft., 
cushioned by means of timber dolly and coiled rope or a bag of sawdust. Piles whic h 
are too long may be cut off and piles found to * too short may be lengthened by 

splicing to them short lengths, using rapid hardening cement wihch will permit com- 
pletion of driving after 4 da.- . M. W. 


Reinforced concrete cal towers over the Mines Domaniales of potash 
in Alsace. S. Jouxorr. Genie civil, May 30, 1931, No. 22, p. 548-551. Two ide nti- 
cal towers, 136 ft. high, have 2 front supports of rect: ingular cross section, 27.6 by 
43 in. They are connected by two braces. Back supports, which rise from ground 
in one section, are T-beams of variable cross section. Greatest depth of these (4.9 ft.) 
occurs at center of span and tapers to 2.6 ft. at ends. Heavy reinforcement was used 
throughout. Up to time when upper platform was placed, tying together four main 
members, weight of the structure had to be carried by extensive false work. Time 
required for completion of each tower was about four months. A Swiss supercement 
was used.—M. A. C. 


Steel forms of variable dimensions and their use on reinforced concrete 
construction. R. Pascau. Le Constructeur de Ciment Arme (France), June, 1931, 
No. 141, p. 137-141.—American methods and their adjustment to French conditions 
are discussed in a general review of steel forms with special reference to tows h 
“Servir” forms, which pay for themselves after being used 30 to 40 times._M. 

Construction of reinforced concrete vaults with reinforcement of aici 
metal. Genie civil, Sept. 5, 1931, V. 99, No. 10, p. 244-245. To make vaults burglar- 

sroof a thick mesh reinforcement. of drawn metal is used in floors, walls and ceilings. 

loor reinforcement is laid on top of horizontal bars and extends under walls. A 
somewhat wetter concrete mix is required for this type of work. In securing thorough 
penetration of the concrete, horizontal bars are given several shakings, unless better 
method of pneumatic or electric vibration is used. Special a are sometimes 
added to concrete to make it more resistant to explosives and electric arc. More 
important banks in France, which have availed themselves of this protection are 
listed.—-M. A. C 


The construction of the pressure pipe line for the power station, Vermunt, 
Austria. Hermann WALTER. Zeitschr. Ostr. Ing. u. Archit. Vereins (Austria), June 
26, 1931, V. 83, No. 25-26, p. 205-8._-Capacity of storage basin is 7 million cu. yd. 
Dam consists of mass of 180,000 cu. yd. of concrete. Connection between basin and 
1-mile double pressure line of power station is pressure tunnel 1.6 miles long. At 
its entrance is 131.2-ft. intake structure of reinforced concrete with necessary gates 
and flood regulation equipment. Line is round and 9.2 ft. in diameter; slope is 2.5 
ver 1000. Reinforced concrete foundations of power station rest on solid rock. 

unnel runs nearly its entire length through very a quartz gneiss strata of varying 
composition, only 650 ft. being in soft underground. en different types of tunnel 


linings were used: (1) Torkret spraying, (2) plain concrete, 7.8 to 11.8 in. thick, (3) 
concrete with reinforced Torkret lining and (4) especially reinforced concrete, 9. 8 in. 
thick. Drainage pipes from 7.8 to 12 in. in diameter were built over entire lengt h of 
ore Thin cement mortar was forced into voids between lining and rock bed. 
A. E. B 
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How movable forms are taken down. RicnarpT. McKay. Concrete. Sept. 
1931, V. 39, No. 3, p. 11.—After concrete has been placed, holes are drilled and bolts 
inserted completely through form and concrete wall. Angles bolted to 16-in. I-beams 
are moved to their final position. When the concrete has hardened enough to carry 
forms, jacks are removed and jack rods cut off at top of wall. Form for cornice is then 
built and splash board and finishers’ platform may be removed. As soon as reinforcing 
steel is in place, cornice and roof deck slab may be placed. Outside forms are then 
loosened and let down. In removing inside wall forms, planks are laid on 2 by 8-in. 
timbers, to make a platform. Forms are carefully removed and passed up piece by 
piece through roof slab manholes, then let down on outside, unless owner consents to 
remove them later when tanks are full.—C. B. 


Construction control of a large building job. Construction of the power 
station Kembs on river Rhine, Germany. Hans StrRuBE AND HERBERT ROnDE. 
Bauingenieur (Germany), Feb. 13, 1931, V. 12, No. 7, p. 115-27.—-Central concrete 
mixing plant of great efficiency prepared total of more than 1 million cu. yd. of con- 
crete for construction of locks, power house and channel linings. Two rotary crushers 
produced 3000 cu. yd. of aggregates daily. Four roll mills and one ball mill furnished 
sizes from 0 to 4 in. Table feeders under each bin facilitated proportioning. Belt 
conveyor transported aggregates to mixer where cement and trass were added. Two 
newly designed concreting machines were used for making concrete channel lining, 
105 ft. wide and 7.8 in. thick. Wire mesh reinforcements were placed in one opera- 
tion. Travelling mixer had capacity of 35 cu. ft. Lock consists of chamber 607 ft. 
long and 82 ft. wide and smaller one 328 ft. long and of same width. Arrangement of 
distribution towers shows interesting features. Lock walls are provided wtih expan- 
sion joints at distances of 102 ft. Walls are concreted in sections (33 to 36 ft. ‘bee 
and 6 ft. high) in especially prepared oiled forms. Power station is 558 ft. long and 
consumed 262,000 cu. #1. of concrete mixed in four 47-cu. ft. mixers. Construction 
jobs of enormous dimensions can be carried out in record time by extensive use of 
modern construction equipment and principles.—A. E. B. 

Accurate control of concrete work sential to small contract. Ira M. 
Hoe. Concrete, Sept., 1931, V. 39, No. 3, p. 33.—Specifications of the engineers on 
tennis court job for park board of Glencoe, Til called for use of not more than 6 gal. 
of water per sack of cement, including moisture in sand. Five gal. of water, measured 
with a 10-qt. pail, was placed in drum with 1 sack cement. Only 5 gal. of water was 
needed to make a 6-gal. cement-water paste, because sand carried about % gal of 
water per cu. ft. Next, sand and gravel were put into paste to stiffen mix. Slightly 
less than 2 cu. ft. of sand and 3 cu. ft. of gravel were used at first. Then small amounts 
of each were added until batch was of a consistency suitable for placing. Enough sand 
and gravel were used to get desired stiffness. Sand and gravel for trial batch were 
taken from wheelbarrows which contained known weights of materials. Then by 
weighing back sand and gravel left in barrow, after trial batch was made, weight of 
each to use in each succeeding batch was determined. Water was measured with a 
bucket calibrated by using a l-qt. milk bottle. Aggregates were weighed quickly and 
economically on 1,000-lb. capacity platform scale under each runway on their way 
ot mixer. Weighing was done during usual waiting time between batches.—C. B. 

The use of cement in bulk. HersertCorrman. J. Am. Concrete Inst., Sept., 
1931, V. 3, No. 1, Proc. V. 28, p. 37-58.—-Competition in concrete construction today 
is keener than ever. It demands quality, reduced costs and speed. All three can be 
obtained with better materials, modern equipment and improved methods. In prac- 
tically all cases, cement in bulk must be used to obtain speed and lower costs. Hand- 
ling of cement in cloth or paper is expensive and amounts to from 6 to 10¢ or more 
per bbl. This added to the 10¢ more favorable cost of cement in bulk, rapidly mounts 
to a large figure in a job of any size. Equipment is being stand: urdized to handle 
cement in bulk. Frequently it is possible by making slight changes in old equipment. 
Shipments of cement in bulk are increasing rapidly and it is estimated that more than 
50% of total will be handled in this manner within next few years.-AUTHOR’s 
SUMMARY 


Unusual features in design and construction of a 20-million gallon con- 
crete reservoir. Artuur B. Morriti. J. Am. Concrete Inst., Oct., 1931, V. 3, No. 
2, Proc. V. 28, p. 81-95.—-Long dimension of new 20-million gallon reinforced con- 
crete reservoir put in service by City of Detroit in 1930 is north and south, south end 
being close to a main street. Each construction operation started with a strip 
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across north end, then progressing southward. Work included excavation, pile- 
driving, installation of drain lines and spreading of a layer of gravel on subgrade. 
Bottom slab steel and then concrete were placed, column bases constructed, then 
roof forms erected. Finally column shafts and capitals and roof slab were poured 
and main part of the work finished. Roof is supported by 24-in. circular concrete 
columns, spaced 20 ft. o. c. in both directions. Both base and roof are of flat slab 
design. The sand and pebbles used for concrete were stored and measured separately, 
and size and grading specified. Slumps to 7 in. were necessarily allowed for column 
shafts and to 6 in. for roof slab and column capitals. In double-reinforced walls 18 
to 24 in. thick, slumps of 4/4 to 6 in. were used, with slump of 4 in. in floor slab. 
Average 28-da. strength of all concrete, as determined by 429 test cylinders, was about 
2560 p.s.i. Inconsistencies noted in attempts to correlate strength of test cylinders 
with amount of mixing water may be due in part to difficulty of determining accurately 
actual w/c ratio in the concrete as placed. The design includes no expansion joints. 
Sheet copper or zine water stops were used in all vertical construction joints, both in 
walls and slabs. Keyways were used in all construction joints. The reinforcing was 
continuous across all joints.—D. F. J. 


Concrete plant on Detroit water filtration substructure. W. K. SaunpeErs. 
J. Am. Concrete Inst. Oct., 1931, V. 3, No. 2, Proc. V. 28, p. 97-108.—To handle and 
deposit approximately 75,000 cu. yd. of concrete over area about 600 ft. square on 
substructure of Detroit’s new Springwells filtration plant, belt conveyance was 
adopted. Concrete plant used was efficient, unique and very compact. Hopper 
bottom cars dumped either sand or gravel into a hopper directly below railroad 
track. Short belt conveyor carried aggregate to a pit where bucket conveyors raised 
it to fixed belt conveyor above bins. With automatic scraper, bulk cement was 

ulled out of cars into steel hopper above cement pump operated by compressed air. 
Bne of two l-yd. mixers was right hand and other left hand. Typical conveyor for 
carrying concrete consisted of endless rubber belt, 2 ft. wide, between two pulleys 
actuated by electric motor. Initial cost of concrete plant and conveying system was 
no greater than any other system considered. Labor cost of placing concrete was 
less. Overall cost of placing concrete amounted to 62¢ per cu. yd., range being from 
17¢ on quantities of 1200 yd. to $1.25 per cu. yd. on small pours. Method is believed 
applicable only for large volumes of concrete.—D. F. J. 


Standardized metal unit forms in floor slab construction. B. E. Wixts- 
CHECK. Concrete, August, 1931, V. 39, No. 2, p. 32-34.—On Morgandale High School 
roject in Milwaukee metal forms were used for first floor slab above boiler room, 
for stair landing slabs and for slab of upper floor, after they were used profitably for 
foundation walls. Posts, jacks and soffits were used for the stair landing slab. Form 
units were laid to center on soffits and clamped to plate on side at right angles to 
soffits, until one full length form panel was assembled. Plates were clamped to make 
up panels the full length of slab. Posts were adjusted with jacks and when plates 
were removed jacks were lowered, releasing soffits. When soffits were removed plates 
were taken down one by one, and posts and jacks again raised to support slab tem- 
porarily. In erecting metal forms for the upper floor slab, adjustable steel joists were 
supported at either end on the shoring for double girder forms. Use of the open floor 
ce throughout upper floor and roof slab operations was of considerable value. 
Plates were clamped together into an easily handled panel and laid face up, centered 
on joists. Joist ends were placed on blocks on girder forms. Plates were removed by 
knocking their clamps loose and lowering them singly.—C. B 


RoapDs AND PAVEMENTS 


Construction of concrete roads near Koethen, Germany, in 1930. A. 
ZipPLER. Strassenbau (Germany), 1931, No. 7, p. 100-5.—General description of 
construction methods and experiences with 14 miles of concrete roads over a period 
of 4 years.—A. E. B. 


About concrete road construction in Germany. WILHELM Perry. Deutsche 
Bauztg. (Germany), 1931, No. 17-18, p. 30-4.—After discussing present state of 
concrete roads in Germany and comparing them with other highway construction 
methods, general directions are given for building concrete roads with and without 
reinforcements, with various economic advantages.—A. E. B. 











ABSTRACTS November, 1931 75 


Central and truck mixed concrete. Canadian Eng., July 14, 1931, V. 61, No. 
2, p. 13.—Report of Committee of American Road Builders Association relating to 
“ready mixed”’ concrete includes following conclusions. Ready mixed concrete pre- 
yared under propen supervision is acceptable for all types of concrete construction. 
Mixing plants should be equipped with weighing devices. Non-agitating type of 
truck is satisfactory for low slump mixtures while agitator type may be used for con- 
crete of any slump. Concrete may be hauled for a period not to exceed one hour but 
must reach subgrade in plastic and workable condition. Where no mesh reinforcing 
is used light steel channels are suggested for runways and where mesh is used a 
portable swivel type conveyor to care for at least 20 ft. of subgrade should be provided. 
Use of bulk cement is permitted.—G. M. W. 


Concrete aggregate weighing devices. Canadian Eng., July 21, 1931, V. 61, No. 
3, p. 19.—The American Association of State Highway Officials has adopted a specifi- 
cation covering weighing devices for use with bin batches and central mixing plants. 
Weight control has been required by U.S. Bureau of Public Roads on all Federal Aid 
projects since 1930. Some of features covered are size and shape of bins, hoppers and 
discharge gates, means of removing overload from hoppers, weighing scales, arrange- 


ment of bins and scales and precautions to insure accuracy and proper working of 
scales.—G. M. W. 


Transverse and longitudinal joints in concrete highways. Concrete, Sept- 
1931, V. 39, No. 2, p. 35-36.— Wide variation in practice is apparent in state specifica- 
tions. One state specifies transverse joints at intervals of 40 ft., another at intervals 
of 800 to 1,000 ft. A third provides no transverse joints. There is further variation 
in manner in which joints are constructed. A tendency toward greater distances 
between expansion joints is seen in several states. Each state department has worked 
out is own joint problems, in many cases without special regard to practices in other 
states.—C. B. 


Missouri builds experimental type of highway resurfacing. Concrete, Sept., 
1931, V. 39, No. 3, p. 9—The one-quarter mile of concrete resurfacing was divided 
into two sections. On one a )%-in. asphalt coating was applied to prevent bonding of 
old and new concrete. Other half was scrubbed and was wet when concrete was 
placed. Levels were run on edge of old pavement and steel side forms set just beyond 
edge of old pavement at grade established. One-inch expansion joints were spaced 
at 80-ft. intervals, and contraction joints midway between made slab length of 40 
ft. Concrete was placed on both sides of bulkhead and over top of strips of expansion 
joint finishing machine working right over top of joint. After preliminary finishing, 
bulkhead and brackets were removed, concrete was removed from above expansion 
material, and joint edged. Transverse contraction joint and the longitudinal center 
joints were made by impressing a groove 4 in. wide and 14 in. deep in the concrete. 
Round steel bars *4 in. in diameter and 5 ft. long, spaced 2 ft. apart, were used as 
dowels across transverse joints. Concrete was allowed to bond with dowel in one 
slab but half in other slab was encased in a metal sleeve, end of which extended 4 in. 
beyond end of the dowel. Reinforcement consisted of wire mesh weighing 59 Ib. per 
100 sq. ft. with wires spaced 6 in. apart in both directions. It was held in position 
by striking off a layer of concrete 1 4 in. below the surface, placing the mesh on this, 
and depositing concrete to full depth of slab.—C. B. 


SHop MANUFACTURE 


Garden walls of concrete masonry. T. A. Day. Concrete Products, Sept., 
1931, V. 40, No. 9, p. 5-8.—A number »f illustrations are introduced as a guide to 
concrete products manufacturers in helping to design and sell masonry walls around 
gardens and estates.—E. S. H. 


Federal government specification. W.D.M.Atuan. Concrete Products, Sept. 
1931, V. 40, No. 9, p. 29-30.—Specification for concrete masonry units recently 
adopted by Federal Specifications Board to govern use of such units in government 
buildings is reviewed. The principal requirements of this specification are reprinted. 
—EJjs. H. 

Centrifugally cast concrete pipe for Phoenix, Ariz., water system. Con- 
crete Products, Sept., 1931, V. 40, No. 9, p. 15-22.—Concrete pipe is being installed by 
cityJof Phoenix, Ariz., for its increased water supply. This improvement includes 
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about 31 miles of pipe line. Part of this pipe is cast by ordinary centrifugal process 
and other sections are made with base of electrically welded steel pipe centrifugally 
lined with concrete and covered with gunite on outside.—E. S. H. . 

Impermeable reinforced concrete pipe, System Ruml, for high internal 
pressures. F. Empercer. Genie civil (France), May 9, 1931, No. 19, p. 479-480.— 
Helicoidal reinforcement is wound around an inner tube of rich cement mortar, pro- 
vided with longitudinal steel bars, whereupon an outer concrete coating is applied as 
protection from corrosives. Wire is heated to a certain temperature, while being 
wound, so that, by means of coefficient of expansion, its tension at normal tem- 

rature can be easily established. Pipes are available in sections of 9.8 to 33 ft. 

rom Rum! Brothers, Platenice, Czechoslovakia. Tests of pipe were made at Labora- 
tory of Engineering School at Prague.—M. A. C. 

Concrete ashlar patterns. Wat-Warp HarpinG. Concrete Products, Aug., 
1931, V. 40, No. 8, p. 26-32.—Five detailed drawings show a variety of broken ashlar 
patterns with units which can be made on any machine. With each pattern is given 
a diagram of various units composing it, also elevations showing corresponding pattern 
for piers and wall space between openings. Two patterns require only 4 sizes of 
units, two others require 7 and the fifth requires 8 sizes. Each pattern is designed to 
aes oeery 3 ft. in each direction completing 9 sq. ft. of wall area each time. 

Spun concrete pipes with asphalt concrete lining and asphalt concrete 
coating. JecuT. Gesundheits Ingenieur (Germany), June 9, 1931, V. 54, No. 19, p. 
: .—In new type of improved spun reinforced concrete pipe described, impermea- 
bility is greatly perfected by inner and outer layer of pom wt Layers must be placed 
at intervals of several weeks to allow proper drying and hardening of concrete. 
Experiences with such pipes in aggressive waters were very satisfactory. A. E. B. 

Asbestos cement pipes, their manufacture, properties and application. 
A. Scnorrak. Gas und Wasserfach (Germany), March 28, 1931, V. 74, p. 293-7. 
Pipes are manufactured from mixture of 5 parts of cement and | part of asbestos and 
much water. Mixture is delivered by means of conveyor belt (where excess water is 
removed) to rolls which mold pipes. Forming process is finished long before cement 
sets. This latter process takes place when pipes are stored in moist rooms on wooden 
cores. Pipes possess great density, even for gases, and perfect uniformity; mechanical 
defects are very rare. Pipes are manufactured without joints.—A. E. B 

Color in concrete products. Casper SmitH AND NATHAN SEGAL. Concrete 
Products, Aug. and Sept., 1931, V. 40, No. 8 and 9. p. 14-15 and 12-14.—The first 
part of this series considers widening field for color in concrete products and some 
general suggestions on best uses of color. Detailed instructions on use of color are 
included under five headings: (1) Remarks on colors. (2) Colors to be used. (3) 
Colors to be avoided. (4) Methods of mixing—types of mixers. (5) Quantities of 
color. Some of general remarks on color show how better results are obtained when 
strong pigments are used in preference to weaker pigments irrespective of cost ratio 
and considering color blending schemes. Various standard colors are discussed and 
methods given for getting results with them.—E. 8. H. 

Profitable manufacture of concrete building units. Frep A. Sacer. Con- 
crete, Sept., 1931, V. 39, No. 3, p. 30-32.—In the case assumed, with a production of 
1,200 units per day, if product fresh from machines is taken at 40 lb. per unit, 
tonnage handled to curing rooms will be 24 tons for cinder concrete units. Methods 
of handling block from machine to curing space include carrying by hand, placing 
racks, which are taken to curing space by lift truck, or on own wheels on track, or by 
gravity conveyor. Some method of mechanical transportation is most economical. 
Whole movement from machine tc finished storage should be considered, including 
type of curing facility, its location and age. With moist air storage and 4 to 5 days 
required before yarding product, space for 5 or 6 days’ run must be provided. Seven 
thousand two hundred 8-in. pallets and 72 racks of 100-unit capacity would be re- 
quired, and not less than 1250 sq. ft. of curing storage space. With steam curing 
2400 pallets, 24 racks and 550 sq. ft. of kiln space would suffice.—C. B. 





























ABSTRACTS December, 1931 77 


MATERIALS 
ADMIXTURES 


Protection of concrete against chemical attack. C. R. PLatzMann. Bau- 
tenschutz (Germany), July 5, 1931, V. 2, No. 7, p. 83-6.—After describing probable 
reactions between water, aggressive waters and hardened cement, author points out 
favorable results with ‘Omicron,’ a material of American origin, and 1° solution 
of calcium chloride as admixtures for cement and concrete. Resistance of concrete 
surface is considerably raised and mechanical strength improved.—A. F. B. 

Protection of concrete structures. Strumer. Bautenschutz (Germany), Aug. 
5, 1931, V. 2, No. 8, p. 92-4.—General description of concrete coatings and concrete 
admixtures includes especially those of organic nature.—A. E. B 

Effect of several admixtures upon the mechanical properties of portland 
cement. H. ViERHELLER. Zement (Germany), Sept. 10, 1931, V. 20, No. 37, p. 
836-7.—Author criticizes experiments of Budnikoff and Nekritsch (ef. Zement (Ger- 
many), Feb. 26, July 13, 1931, V. 20, No. 9, 30, p. 192-3, 694-6; JournaL A. C. I., 
June, Oct., 1931, V. 2 and 3, Abstracts p. 273, 25) claiming that increases in strength 
of cements with certain insoluble admixtures determined with 1:3 cement: standard 
sand specimens were not due to improving effect of admixtures but due to improve- 
ment of standard sand which itself alone is poor aggregate. Inert admixture acted 
as fine aggregates. Experiments with pure cement specimens and admixtures are 
suggested to determine whether such materials improve hydraulic properties of 
portland cement.—A. E. B. 

Crystalline talc as an admixture in concrete. FRANK R. Wicks. Am. Soc. 
Testing Materials Preprint, 1931, 15 p.—In discussing general theories regarding use 
of dry, powdered admixtures in concrete and their effect upon water-cement ratio, 
particular attention is given powdered crystalline tale as type of admixture material 
most suited to theoretical properties desired in admixtures. Crystalline tale has 
been extensively used with excellent results, particularly in structures where archi- 
tectural designs called for exposed concrete having intricate surface detail poured in 
monolithic construction.— AUTHOR’sS SYNOPSIS 
AGGREGATES 

Crushed stone operations of the Southwest Stone Co. Rock Products, Aug. 
26, 1931. V. 34, No. 18, p. 16-19.—Two of company’s four Texas and Oklahoma 
plants run on limestone and two on trap rock. Article gives quarry and plant 
practice in great detail and is illustrated with flow sheets.—E. 8. 

Extra measures insure clean gravel. Rock Products, Aug. 29, 1931, V. 34, 
No. 18, p. 44-46.—Concrete Materials Corp., Wallingsford, lowa, applies unusual 
cleaning methods to concrete aggregate. Gravel is hand picked on apron to remove 
‘fron oxide” and “‘clay-center’’ pieces, and washed in log washers to remove trash 
and shale. Sand is washed by settling in a cone from which dirt is removed by 
overflow. It is then mixed with clear water and settled in a second cone to take out 
any dirt remaining after the first washing. Every car is sampled and rigidly inspected 
before shipping.—E. 8S. 

Unusual river dredging operation. Rock Products, Aug. 1, 1931, V. 34, No. 
16, p. 25-29.—The cutter ladder on the dredge of the Pioneer Sand and Gravel Co., 
St. Joseph, Mo. has been mounted on the side of the hull and works between dredge 
and a steel pontoon which provides necessary buoyancy to keep dredge level. This 
arrangement was necessary because of swift current of Missouri river. All work on 
ladder can be done from the deck of dredge or from pontoon instead of from a boat. 
Strains on hull are reduced.—E. 8. 

Aggregates and means for their improvements. Kristen. Betonstrasse 
(Germany), 1931, No. 5-7, 24 p.—All methods for improving of aggregates lead to 

ame final effect. Results of practical experiment of test floor in Technical Uni- 
versity of Hannover, Germany, are reported. Floor slabs were made with aggregates 
prepared according to directions by Fuller, Otzen, Abrams, Graf and Hummel. 
Laboratory tests were run parallel. Joints are described as well as concrete composi- 
tion and w/c ratio, and test results are compared with standard German specifica- 
tions for reinforced concrete.—A. E. B. 

The selection of durable aggregate for concrete. M.Temin, W. PIGMAN AND 
J. Tucker, Jr. Rock Products, Aug. 1, 1931, V. 34, No. 16, p. 37-42.—Tests were 
made on 36 rocks and slag used as highway concrete aggregate, from 12 states, includ- 
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ing regular freezing, boiling, sodium chloride and sodium sulphate tests. Granites 
did not show disintegration except one sample that contained a little clay. Traps 
resisted freezing and sodium chloride tests but were less resistant to boiling. One 
sandstone disintegrated very badly but three others stood up very well. The 7 
limestones tested varied considerably in resistance except those containing sand- 
stone and shale. Slags were somewhat less resistant. Absorption and porosity were 
found useless as criteria of durability. There must be other factors of f= ao let pom 
than freezing of water or crystallizing of salts in pores, since disintegration has no 
relation to pore space. Jackson's conclusion, that limestones (with few exceptions) 
that resist sodium sulphate will resist freezing and thawing, was sustained.—E. 8S. 
Mortar and concrete with aggregates which do not stand frost. Gustav 
HAEGERMANN. Bautenschutz (Germany), July 5, 1931, V. 2, No. 7, p. 73-7. 
Author discusses properties of different rocks and aggregates, especially their be- 
havior when exposed to severe cold, and illustrates 3 different ways in which dete- 
rioration can appear. Laboratory freezing and thawing tests lead to following con- 
clusions: In cases where entire aggregates are not sufficiently resistant (limestones 
and sandstones), and no precautions are taken to prevent access of water to con- 
crete, deterioration due to frost must be expected. Smaller amounts of bad aggre- 
gates do not cause any damage when they are wel! protected from outside. Careful 
——— and separation of aggregates is best means to prevent such cases. 


Sand and gravel for concrete. Zement (Germany), Oct. 1, 1931, V. 20, No. 40, 
p. 894-5.—Inspection of German pits, quarries and aggregate plants shows general 
tendency toward applying scientific methods and means to preparation of high- 
grade aggregates. Importance of sieve curves and shape of particles of aggregates is 
emphasized and proper economic improvements of natural sands and gravels sug- 
gested.—A. E. B. 

Determination of the cement content of cement-lime mortars. THomas 
F. MuLian AND EvGene A. Lepgarp. Rock Products, Aug. 1, 1931, V. 34, No. 16, 
p. 66-67.—Usual determination is based upon determining soluble silica in hydrated 
mortar. Experiments have shown that soluble silica introduced by sand in mortar 
isappreciable. Tests on California sands showed 0.76 to 2.09% soluble silica, average 
1.29%. Authors are using a method of running a sample of sand used with test and 
making correction indicated. Sand constants might be established so that it would 
only be necessary to know source of sand used.—F. 8. 

he sand and gravel industry and its problems. Part V. Joun ZoLLINGer 
Rock Products, Aug. 15, 1931, V. 34, No. 17, p. 33-35. Concerning sand settling, 
important thing to bear in mind is simplicity of device. If gravity and a straight or 
vertical side will do the work of a complicated mechanism it is better to use it.— E.S 

Some characteristics of aggregates and methods of combining for the 
best results. Srantey M. Hanns. Rock Products, Aug. 29, 1931. V. 34, No. 18, 
p. 30-35.—Practice of California Division of Highways for designing highway con- 
crete is to use proportions 1:NpV:N with predetermined w/c ratio. N is the number 
of cubic feet of rock, V voids in rock and p is sand factor. Sand volume should never 
be less than 1.30 times voids in rock. Yield factor, f, is relation of absolute volume 
of cement and aggregates to fresh concrete and it is used in comparing and correcting 
proportions. Several proportions which will give same yield may be tried and that 
which gives a workable mixture with most of cheaper material may be chosen 
Second method of design is based on surface area. Surface fixes water required for 
each of 3 components of any mix. Water required for each of 3 materials is calcu- 
lated from 3 trial mixes of normal consistency which have different proportions as 
7, 8 and 9 sacks of cement per yd. Equations of form CA + SA + RA cu. ft. 
of water per sack of cement are made for each of these mixes. These are water 
indices for cement, sand and rock. As there are three of these equations for the 
three unknown quantities, indices of all three materials are lated The surface 
constants are taken from Hveem’s tables, first used for calculating oil required for 
oiled roads. These vary from 250 for minus 200 mesh and to 2 for minus 3-in. and 
i yuu pane are multiplied by percentage of each size expressed as decimal part 
of 1.—E. 8. 

Standard specifications for test sieves. Zement (Germany), April 30, 1931, 
V. 20, No. 18, p. 423-4.-Tentative German specifications for sieves with round holes 
for separating gravel and coarse materials are presented. Sieves are proposed in 
steps of 1 mm. (0.039 in.) for small openings, 2 to 5 mm. (0.079-0.197 in.) for average 
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openings and 10 mm. (0.394 in.) for wide openings. Holes are arranged at angle of 
60 deg. for sieves up to 80 mm. (3.15 in.) and 90 deg. for sieves from 90 to 100 mm. 
(3.54 to 3.937 in.). Short instructions are given for manufacture and shaking of 
sieves.—A. E. B. 

Accelerated freezing and thawing as a quality test for concrete aggregates. 
F. C. Lana anp C. A. Huaues. Am. Soc. Testing Materials Preprint, 1931, 18 p.— 
Purpose of investigation described was to develop definite test for quality of gravel 
pebbles for use in exposed concrete that would eliminate personal equation which is 
so large a factor in the methods now available. Accelerated freezing-and-thawing 
test consisting of 5 min. in hot water, 5 min. in ice water, and 30 min. directly sub- 
merged in calcium chloride brine at 0° F. was used. Data also are given on other 
accelerated and slow cycles of freezing and thawing. Results of accelerated tests 
(10 cycles per day) are given for 10, 20, and 30 cycles of freezing and thawing on 
gravel pebbles from 18 different sources 2 sedimentary rocks, and 9 deleterious 
materials. Similar data are given for concretes made wtih 17 of above materials. 
Methods of evaluating effect of freezing and thawing are described and compared. 
Data are given on some of many variables which must be taken into consideration in 
development of a satisfactory freezing-and-thawing test and on which little informa- 
tion is yet available. Further research is required before such a test can be used as 
a basis for specifications..—AUTHORS’ SYNOPSIS 

Weathering of aggregates. Lorinc O. Hanson. Am. Soc. Testing Materials 
Preprint, 1931, p. 44-57.—Main object of this investigation was to determine the 
durability of various crushed rocks and mortars and to develop an accelerated test to 
measure their resistance to weathering. Freezing and thawing test was used to 
duplicate weathering and this test was paralleled by a series of sodium sulfate tests 
and absorption tests. Twenty-four coarse aggregates from Wisconsin were repre- 
sented by artificially graded samples of crushed material and also by 2 by 2-in. 
cylindrical cores drilled from the rock. The change in the fineness modulus of the 
graded aggregate and loss of strength of cores furnished evidence of amount of disinte- 
gration produced by these tests. A number of mortar cylinders and prisms were 
made from four types of sand using several consistencies and mixes. Part of these 
specimens were broken before and part after durability tests. Disintegration of rock 
caused by freezing-and-thawing test was in agreement with what might have been 
expected from field inspection of weathered material at quarry site. One of the 
sodium sulfate tests employed proved quite destructive to rocks and mortars, 
causing a degree of disintegration roughly comparable to that occasioned by the 
freezing-and-thawing test. No relation was found to exist between the durability 
of the rock and any of its absorptive properties.—-AUTHOR’S SYNOPSIS 


CEMENT 


History of the Roman cement ay in Central Europe. C. R. Puiatz- 
MANN. Fock Products, Aug. 1, 1931, V. No. 16, p. 46-47.—Aspdin’s cement was 
really a Roman cement, a true port: and ea) being made until 1844, by Isaac Charles 
Johnson. Central European production of Roman cement goes back to 1829. 
Article gives description of some old works with notes on raw materials and analysis 
of finished product.——E. 8. 

The beginning of the English and French cement industry. C. R. PLatz- 
MANN. Zement (Germany), Sept. 10, 1931, V. 20, No. 37, p. 832-3.—-Historic descrip- 
tion includes development ‘of different kinds of cements, especially portland cement, 
in England and France from about 1824 to 1865. Strength data of produced materials 
are given.—A. E. B. 

Wet process cement made in the desert. Rock Products, Aug. 29, 1931, V. 
34, No. 18, p. 12-15.—Plant of Helouan Portland Cement Co., 20 miles south of 
Cairo, Egypt, on the bank of river Nile, makes cement from a soft limestone quarried 
nearby and clay from river bank. Plant is modern, using tube mills, for grinding 
raw material and clinker. Kiln is 310 ft. long with multitubular cooler. Coal for 
fuel is mnpertes from England and Russia. An air-swept tube mill is used for coal 
grinding. Gypsum is brought in by camels from a surface deposit a few miles away. 
Power is from water tube boilers and a 2,500 kw. turbine and the consumption is 
= 12.7 kwh. per bbl. cement. Production is approximately 600,000 bbl. per year. 

4. 8. 

High efficiency shaft kiln operation. W. Foutz. Zement (Germany), Sept. 

1931, V. 20, No. 39, p. 870-1.—-Great changes in temperatures of kiln gases of 
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automatic shaft kiln reported by German Kiln Committee (cf. Zement (Germany), 
Aug. 13, 1931, V. 20, No. 33, p. 754-8) must lead to non-uniformly burned clinker. 
Average temperature of 464° F. seems to be too high and better control is necessary. 
Installation of 2 recording thermometers, one in stack and one in clinker discharge 
chamber, is suggested.—A. E. B. 


Requirements of controlling devices of a modern cement plant. W. 
Bucu. Zement (Germany), Aug. 13, 1931, V. 20, No. 33, p. 764-7.—A general 
description is given of electric controlling apparatus, switches, fuses and safety 
guards in cement plants. Necessity of better and safer equipment is emphasized 
= .-% a of electric installations in mills and power house are described. 


Can waste heat from kilns be employed to improve portland cement? 
Aman Moore. Pit and Quarry, V. 23, No. 1, Oct. 7, 1931, p. 65-66.—Author traces 
evolution in rotary kilns and utilization of stack gases. He opposes waste-heat 
boilers but advocates further lengthening of kilns to more completely reclaim excess 
heat within the shells and increase formation of tricalcium silicate and aluminate 
and calcium-ferro-aluminate, with final discharge temperature of the gas around 
500° F.—A. J. H. 


Approximate clay analysis. L. R. Davies-Granam. Rock Products, Aug. 29, 
1931, V. 34, No. 18, p. 48.—Ground clay is placed in platinum crucible with 7 drops 
HF and 2-3 drops concentrated H.SO;. This is warmed gently and then dried to 
evaporate acids. Process is repeated and after second drying crucible is heated to 
redness for 20 min. which removes all silica. What remains is RO; plus CaO and 
MgO and is weighed as such. CaO, MgO and loss on ignition are determined sepa- 
rately. From these the R.O; and the silica are determined by difference.—E. 8. 


Compares performance of rotary kilns in cement manufacture. ALron J. 
Buiank. Concrete, Oct., 1931, V.39, No. 4, p. 51-54.—For best control in kiln operation 
it is necessary to use draft gauges, temperature records and gas analysis apparatus. 
Daily kiln reports covering cause of kiln stoppages, lining failures, slowing up of 
production and variation in fuel consumption should be made out and kept on 
record so each case may be thoroughly studied and remedied. By placing kiln 
operators on bonus system the writer has found kiln capacities to increase as much 
as 25% usually with lower consumption of fuel per barrel of output, and that lining 
failures occurred less frequently, with less variation in quality of product.—C. B. 


The importance of the thermic dissociation of the ferric oxide in the 
burning process of cement. Hans Kuni anp Rupoutr Rascu. Zement (Ger- 
many), Sept. 3, 10, 1931, V. 20, No. 36, 37, p. 812-6, 833-6.—It is shown by gas- 
volumetric methods that dissociation of pure ferric oxide in oxygen atmosphere 
begins at about 2550° F. and progresses with great velocity at 2730° F. Reaction 
slows down considerably before all ferric oxide is decomposed (probably due to 
formation of solid solutions of Fe.O; and Fe,O,). Dissociation of ferric oxide is 
greatly retarded in systems rich in lime; retarding effect increases with increasing 
lime content. Only small fraction of ferric oxide present in high iron portland cements 
is transformed to Fe;O, at 2730° F. in oxygen atmosphere during period of 20 
minutes. This reaction is only small in regular kiln practice but should not be 
overlooked. Greenish-black color of portland cement clinker seems to be caused 
by its Fe,O, content, while brownish or reddish tints are due to combined action of 
ferric oxide, Fe;O; and calcium ferrites.—A. E. B. 


The introduction of air into shaft kilns for burning of cement. E. 
Scuirm. Zement (Germany), Aug. 27, 1931, V. 20, No. 35, p. 796-801.—Differences 
in qualities between rotary kiln and shaft kiln clinker are due to non-uniform and 
over burning of latter. Even distribution of raw feed and air to all parts of burning 
zone of shaft kiln is extremely difficult. Material travels faster in center part of 
kiln than near side walls. Caking to walls is prevented by efficient water cooling. 
More effective and economic is air cooling system consisting of spiral air duct around 
vertical kiln. Due to less resistance in outer circle of kiln, air usually forces its 
pa through these parts creating a lack of air in center part of kiln. Latest kilns 

ave concentric air ducts (cf. Zement (Germany), May 28, 1931, V. 20, No. 22, p. 
514-9; Journat A. C. I., Oct. 1931, V. 3, No. 2, Abstracts p. 28) through which cold 
air is introduced into burning zone. Modern developments lead to larger kilns and 
higher air pressures. Burning is more effectively controlled; more rapid cooling of 
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clinker improves its quality. Burning of non-briquetted raw materials shortens 
burning zone, cools clinker and is more economic.—aA. E. B. 

Big increase in volume and fineness with air separators. Concrete, Oct., 
1931, V. 39, No. 4, p. 55-57.—Two recent air separator installations in cement 
mills in central states region are of special interest because of certain new principles 
utilized in their operation and good results being obtained. First plant has seven 
14-ft. separators hooked up with compeb mills in the raw grinding department, 
and second has battery of six 18-ft. units. Mills on which tests were run averaged 
18 tons per hr., ground to fineness of 87 to 88% passing 200-mesh screen, under the 
open-circuit methods. Test results showed 24.4 tons per hour, having fineness of 
90.4 to 90.8% passing 200-mesh screen. Later tests showed 25.14, 26.5 and 24.7 
tons per hr. Separators at second installation sere each 18 ft. in diameter, working 
in conjunction with two 8 by 47-ft. 3-compartment tube mills grinding raw material. 
Since hook-up each mill is producing 37 to 38 tons per hr. of finished product to 
fineness of 90 to 91% passing 200-mesh, as compared with 32 to 33 tons per hr. to 
fineness of 85% passing 200-mesh screen.—C. B. 

Observations of the coating of a rotary kiln after being cooled off. Hans 
Kuust, Hans LorENz AND FrriepRicH THiLo. Zement (Germany), Sept. 24, Oct. 1, 
1931, V. 20, No. 39-40, p. 866-70, 884-7.—Inspection of interior of a rotary kiln 
after cooling revealed following results: (1) Red incrustations consisting of ferric 
oxide and ferric sulphate formed near kiln entrance. (2) Walls of backhousing are 
covered with reddish deposits which consist of cement dust, ashes, alkalies, sulphates, 
alumina and ferric oxide. (3) In entire range of calcining and sintering zone an 
intermediate layer with high alkali and alkali sulphate content has formed between 
kiln lining and coating. This causes wear of kiln lining. (4) Local concentrations of 
alumina and ferric oxide are found in calcining zone. Brick lining in same vicinity 
shows lowered content of alumina and ferric oxide which seems to be due to travelling 
process of sesquioxides. (5) Spots with high silica and alkali content are found in 
front ring material. (6) In coating of sintering zone are imbedded white or light- 
greenish materials practically free from ferric oxide. Possibility that iron has been 
driven off as sulphide is discussed. (7) In lining and between ‘lining and kiln shell 
are sediments of ferric oxide and ferric sulphate near discharge end of kiln while 
ferric bisulphide is formed in sintering zone. Disintegration of kiln lining is not only 
due to reactions between cement raw materials, ashes and bricks, but also gas phase, 
distillation and condensation processes play important role.—A. E. B 

Researches on the rotary kiln in cement manufacture. Part 24-25. 
GEOFFREY Martin. Rock Products, Aug. 15, 26, 1931, V. 34, No. 17, 18, p. 30-32, 
22-24.—-212° F. is the lowest temperature at which gases with moisture can be rapidly 
removed from kiln without use of vacuum. Using this as base, amount of water that 
may be retained by slurry in theoretical kiln with no external radiation is calculated. 
Figures show that it is not moisture in slurry that causes poor clinker output per lb. 
coal in a rotary kiln. It is the loss of high grade heat due to radiation and ineffective 
and bad design of clinkering and decarbonating zones. Hence efforts to improve 
fuel economy by concentrating on reducing water content of slurry are largely due 
to a faulty grasp of the theoretical principles which govern kiln. Calculations are 
applied to kilns in practice. According to British research 533 B.t.u. of the 12,600 
B.t.u. from 1 lb. standard coal are lost in external radiation, except from the pre- 
heating and hydrating zone. Heat that passes from clinkering and decarbonating 
zone will evaporate 3.883 lb. water per 100 lb. if there is no preheating of air. If the 
air is preheated to 400° F., 9.326 lb. water will be evaporated, if to 1853° F., 28.08 lb., 
and if to 2500° F., 34.60 lb. This allows for external radiation but supposes that heat 
has otherwise been profitably used in decarbonating and clinkering. It is obvious 
that moisture content of slurry is not cause of the use of so much more coal than is 
theoretically needed, the real cause being the leakage of high grade heat from clinker- 
ing and decarbonating zone. Use of w aste heat boilers is impossible with existing 
kilns if moisture in slurry exceeds 23.57%.—E. 8. 

Electro fused cement, a new structural material for the chemical industry. 
ConsTANTIN Repzicu. Warme und Kalte Technik (Germany), Feb. 28, 1931, V. 33, 
No. 2, p. 14.—A detailed description is given of manufacture and properties of fused 
high alumina cements, especially those which are electrically fused.—A. E. B. 

The hardening problem of portland cement. Frieprich F. TippMann. 
Zement (Germany), Aug. 20, 1931, V. 20, No. 34, p. 774-81.—Author gives rather 
comprehensive reply to criticism by Kiihl (ef. Zement (Germany), March 12, 1931, 
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V. 20, No. 11, p. 234-9; Journat A. C. I., June 1931, V. 2, No. 10, Abstracts p. 281) 
of his statements concerning existence of several well defined modifications of calcium 
hydrate and his theory about hardening process of portland cement under various 
conditions (cf. Zement (Germany), Dec. 25, 1930, V. 19, No. 52, p. 1225-34; JourNaL 
A. C. I., May, 1931, V. 2, No. 9, Abstracts p. 248). Additional literature references 
are cited supporting these statements and some new experiments under microscope 
are reported.—A. E. B. 

Mixed cement of portland cement and arsenic trioxide. T. A. S#HANN. 
Zement (Germany), Sept. 3, 1931, V. 20, No. 36, p. 816-7.—Author repeated experi- 
ments by Werner and Giertz-Hedstroem (cf. Zement (Germany), Apr. 23, 1931, 
V. 20, No. 17, p. 384-8; Journat A. C. I., June, 1931, V. 2, No. 10, Abstracts p. 280) 
using different method of procedure. Hardened and pulverized portland cement was 
agitated with water for certain time periods. Solubility of lime in portland cement 
is decreased considerably by addition of arsenic trioxide to cement. Mixture of 
100 g. cement and 20 g. arsenic trioxide gave best results. Mixed cements with 30 
g. arsenic trioxide showed increase of solubility of lime. Considerable amount of 
arsenic trioxide dissolves during early stages of agitation, depending on percentage 
of arsenic trioxide in mixture. Solubility of arsenic trioxide is slightly less when 
mixtures are heated to 370° F. before being agitated with water. Rate of solubility 
of lime and arsenic trioxide decreases rapidly.—A. E. B. 

Report of the kiln committee 1930-31 of the Association of German Port- 
land Cement Manufacturers. E. Scuorr. Zement (Germany), Aug. 13, 1931, V. 
20, No. 33, p. 754-8.—Results of 2 kiln tests are reported, one with Lepol kiln (rotary 
kiln with recovery of waste heat by travelling grate) and one high efficiency shaft 
kiln with non-briquetted raw feed. (1) Rotary kiln is 92 ft. long, has an outer diam- 
eter of 9.8 ft. and a pitch of 2.5%. Underneath kiln is a cooler, with 3% pitch and 

rovided with chains. Burner nozzle has opening of 5.5 in. Kiln makes 1 r.p.m. 
fficiency of kiln was tested by measuring amount of clinker leaving cooler during 
24-hr. test period, coal consumption, raw mix fed to kiln, chemical analysis of raw 
mix and clinker, moisture content and B.T.U. of coal, gas temperature, gas velocity, 
as analysis and gas volume and power consumption. Heat balance of kiln is calcu- 
ated. (2) Andreas automatic shaft kiln is 32.8 ft. high above grate. Inner kiln 
diameter increases from top to grate. Total volume of kiln is 1,800 cu. ft. Com- 
ressed air is pressed into kiln through 3 rows of concentrically arranged nozzles. 

w feed of plastic consistency and coarse coal were weighed on individual auto- 
matic scales and fed to mixing screw where 13.9% water was added. Test was run 
continuously for 24 hr.—A. E. B. 


The effect of admixtures to cement raw feed prepared from blast furnace 
slag. Max PascHke AND WERNER Meyer. Zement (Germany), Sept. 17, 1931, V. 
20, No. 38, p. 850-4.—Effect of fluorspar, roasted pyrites, potassium chloride, calcium 
chloride and sodium chloride as admixtures to cement raw mixtures upon sintering 
temperature, clinker structure, physical properties of clinker (burned in crucible 
furnace) and cement showed: (1) Admixtures up to 0.6% have a favorable effect in 
every respect. (2) Calcium chloride has best influence, however its lime content 
must be taken into consideration when lime modulus is high. (3) Potassium chloride 
is second best admixture when not more than 0.3% is added. (4) Sodium chloride 
has similar effect. (5) Decrease in strength is usually encountered with flurospar 
when percentage is too high. (6) Roasted pyrites has general tendency to lower 
strength but further studies seem to be promising.—A. E. B. 


French association for testing materials. Rev. materiaux construction trav. 
publics (France), Sept., 1931, No. 264, p. 365-368.—Abstract of minutes of meeting 
of cement section, June 13, 1931, includes a paper by M. Baire, ‘‘Compression tests 
with insertion of elastic material between the plates of the machine and the com- 
pressed surfaces.”” Tests were made on 5-cm. cubes of 1:3 standard mortar, making 
use of different cements, such as commercial products, super-cements of high early 
strength, etc. Curing: one day in moist air, remainder in water. Cubes were tested 
in Guillery machine with care that elastic material (cardboard, paper, rubber) made 

contact over entire two surfaces of cube. Use of elastic material, inserted 
tween plates of testing machine and compression surfaces of specimen, almost 
always results in loss of strength. With 4 pieces of cardboard, strength is generally 
higher than with one layer. Wet cardboard yields much lower strengths than dry 
cardboard. Loss of strength is generally more marked at early ages (1 to 7 da). 











ABSTRACTS December, 1931 83 


Paper yields essentially same results as cardboard of identical thickness. Rubber, 
particularly thick rubber, produces great losses of strength. Results vary greatly 
with thickness of elastic material inserted.—M. A. 

Experiments to study the suitability of cements for the cement consoli- 
dation recess. Hans Ricuter. Bautenschutz (Germany), Apr. 5, May 5, June 
5, 1931, V. 2, No. 4-6, p. 45-8, 60-4, 70-2.— Investigation was made of several cements 
(4 high alumina, 2 2 high quality portland, 3 blast furnace slag and 2 Eisen-portland 
cements) in suspensions of liquid consistency, their viscosity and optimum consis- 
tency of such mixtures in practice. Mixture of 7 parts of water and 4 parts of high 
alumina cement was forced into old masonry wall 20 in. thick under considerable 
pressure. Inspection after 24 hr. showed cement had set satisfactorily. Viscosities 
of various cement-water mixtures were measured with simple device and compared 
with viscosity of pure water. Effect of fineness of cement on viscosity is clearly 
pointed out. Best composition in practice for certs 1in cements is 3:2 cement:water. 
Compressive strength of mixtures of varying consistencies and with different cements 
was studied.—A. E. B 

Portland cement of limited lime and increased silica modulus. ANGELO 
Litt. Memorandum read April 1931, in Rome before Thirteenth Congress of Italian 
Association for study of Construction Materials.—In study of subject of limiting 
SiO 
R,O 
following composition was made with special raw materials in ordinary rotary kiln: 
Loss on ignition, 0.25%; SiOQ., 27.81%; AloOs, 4.18%; FesOs, 2.27; CaO, 64.14G 


MgO, 1.29%. Hydraulic modulus - ‘CaO _ = 1.843. Silica modulus SiO,” = 


: SiO» +R. Os RO; 

4.31. Tests were made using this cement mixed with 15% of ground plain cement 
clinker of finenesses of 10.5% and 4% retained on a No. 180 sieve. The specimens 
were 4 in. cubes and mixture 1:1.3:2.7 by volume with 12% of water. The cement 
with admixture of 10.5% fineness ground cement gave 2140 p.s.i. at 7 da. and 3090 
p.s.i. at 28 da. compressive strength. The specimens where the admixture of raw 
cement was of 4% fineness gave 3140 p.s.i. at 7 da. and 4190 p.s.i. at 28 da. Data is also 
given from tests up to 84 da. comparing cement with admixture of inert silica of 
10.5 %o 2 residue on No. 180 sieve with cement and admixture of raw cement of fineness 
of 10.5% and 4% 9 respectively. Very high strengths were attained in all cases; but 
pure cement of 4% fineness admixture was best at all ages. Silica admixture was 
about as good as the cement admixture up to 28 da. but decidedly lower at 84 da. 
Slow setting and hardening cements appear to have advantages of giving time for 
better execution of finishing, of less shrinkage, of less internal stress, of higher tensile 
strength and equal compressive strengths at later ages and are thus more resistant 
to disintegration. The composition for which it is necessary to work to obtain this 
kind of cement is given by SiO. . 2CaO + AIO; . 3CaO. Lime content is to be 
kept as low as possible. After certain period of time hydrates of calcium are formed 
and produce in concrete internal stresses and reduce tensile strength. Probst states 
low lime cements resist action of sea water better than other cements. Exposure is 
more severe in pure waters and low lime content is important. Such cements come 
Cad | (MgO) 2 3, and 
SiO.—R,O; 


> 2; but results show excellent strengths and particularly increases 


lime content of cement and increasing silica modulus— 2 cement clinker with 


outside of the limits set by Le Chatelier and Newberry for 
CaO - 3R.0 

S10, 
with age.—C. G. C. anp M. N. C. 

Hydraulic white magnesia cement. A. Cu. VourRNaAzos. Zeitschr. anorg. und 
allgem. Chemie (Germany), Sept. 29, 1931, V. 200, No. 3, p. 237-44.—-A new hydraulic 
magnesium silicate of formula 2MgO . SiO, . HxO was prepared in form of crystal 
needles from reaction between pure amorphous silica and pure magnesia in presence 
of water at ordinary temperature. Same product was obtained by mixing siliceous 
earth (pozzuolana from isle of Santorin in Greece) with calcined natural magnesite. 
Amount of amorphous silica in pozzuolana is between 17 and 19%. A mortar made 
from 61 parts ground siliceous earth, 18 parts ground calcined magnesite and 21 
parts standard sand mixed with 21.75% water set in air after 48 hr. and under water 
after 90 hr. Samples showed good soundness and relatively small volume changes in 
air and water. Tensile strength of air stored specimens was 92.5 p.s.i. after 7 da., 
132 p.s.i. after 28 da. and reached 540 p.s.i. after 14 yr.; compressive strength was 
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1300 p.s.i. after 7 da., 1900 p.s.i. after 28 da. and 5150 p.s.i. after 114 yr. Mortar 
has same bond strength to iron as portland cement and attacks it less than portland 
cement. Surface remains in excellent condition after hardening without showing 
any signs of corrosion. A white magnesia cement was produced by replacing siliceous 
earth by artificially prepared silica. Its composition is: 100 parts calcined magnesite, 
67.5 parts amorphous silica and 70 parts white sand. Hardening product consists 
of pure hydrated dimagnesium silicate and quartz. Hardened mortar when polished 
has appearance of marble.—A. E. B. 

Storage of portland cement. Atron J. BLanx. Rock Products, Aug. 15, 1931, 
V. 34, No. 16, p. 62-64.—Results of storage on several cements were somewhat 
different from those given by author in his discussion with Koyanagi. Fineness gen- 
erally increases after 3 mo. Setting times were retarded with majority but accelerated 
with a few samples. Ten cements showed increased strength up to one month, 
decreasing thereafter, and 7 showed increased strength up to 14 da. storage. Two 
showed decreased strength after 24 hr. storage. —E. 3. 

MISCELLANEOUS 

Accidents involving powdered coal. D. B. Coteman. Rock Products, Aug: 
29, 1931, V. 34, No. 19, p. 64-66.— Recommendations to insure safety include build- 
ing so designed that dust will not lodge, liberal use of white paint and care in clean- 
ing. To prevent explosions equipment should be dust tight and free from lodgment 
places and located as far from kiln hoods and dryers as is consistent with operating 
requirements. Electrical ignition should be carefully guarded against. Metallic 
sparking should be prevented by magnetic separation and screening against re-entry 
of foreign materials. If possible all powdered coal should be burned before plant is 
shut down; and no coal pulverized or stored when it is hotter than 150° F.—E. 8 


PROPERTIES OF CONCRETE 

Tests show that hot mixing water weakens concrete. Eng. News Record, 
Oct. 1, 1931, V. 107, No. 14, p. 535.—Tests conducted by Minnesota Highway De- 
partment and reported by the Highway Research Board show that with constant 
water-cement ratio, concrete at 130° C. was approximately 20% weaker at the 28-da. 
transverse test.—G. M 

Cements, mortars and concretes. R. FERErT. tev. materiauxr construction 
trav. publics (France), Sept., 1931, No. 264, p. 353-356.—This monograph, published 
as special issue of Revue on occasion of its centennial celebration, reviews progress 
achieved in principal branches of structural engineering. For Vicat, the French 
scientist, is claimed major role in invention of artificial cements—a role, contested by 
some. Author describes in sequence evolution of cement industry in France in a 
century, discusses use of puzzuolans, fight against destructive action of sea water 
and certain salts, and reviews scientific studies of cements and limes. One chapter 
deals with present stage of cement problems; discusses compacity, workability; 
quotes formulae for determination of ‘“‘expected”’ strength of concrete. Among latter 
are those of Abrams, Otto Graf of Germany, Bolomey of Switzerland, Magne! of 
Belgium, Suenson of Denmark.—M. A. C. 

The present condition of old reinforced concrete structures. WiLHELM 
Petry. Zement (Germany), Oct. 8, 15, 1931, V. 20, No. 41-42, p. 908-12, 926-9. 
Structures built long before Germany had accurate standard specifications for rein- 
forced concrete construction were investigated and their durability studied. They 
include: (1) Department store in Bonn, Germany, with no visible cracks after 25 
years. (2) Reinforced concrete cupola with 134.5 ft. span of water station in Duis- 

urg-Beek, built in 1912. Foundation consists of reinforced concrete slab 18 ft. 
thick, subjected to high groundwater pressure. Entire building settled slowly 
without damaging either cupola or foundation slab. (3) Complicated reinforced 
concrete ceilings, walls bridges and roof of German Library in Leipzig. (4) Depart- 
ment store in Leipzig built in 1913-14. (5) Food storage house in Breslau, 25 years 
old. Structure is 282 ft. long and 141 ft. wide and is supported by reinforced con- 
crete slab. Roof structure rests on parabolic reinforced concrete arches. No cracks 
or settlement have been observed. (6) Large reinforced concrete skeleton building 
in Dresden. Great fire which heated several structural members up to 2000° F. 
had done no damage and proved fire resistance of reinforced concrete. (7) Reinforced 
— ceilings of University in Freiburg i.B., in perfect condition after 21 years. 

i. B. 


a. 
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Rotation raises strength of concrete test cylinders. L. E. Hover. Eng. 
News Record, Oct. 15, 1931, V. 107, No. 16, p. 618.—Standard 6 by 12-in. cylinders 
which were rotated at intervals increasing from 5 to 15 minutes during the period of 
initial set gave higher strengths than similar specimens which were allowed to set 
in usual manner in tests at Unive rsity of Washington. Water-cement ratios of 0.7, 
0.9, 1.0, 1.1 gave 16, 26, 32 and 40% increase respectively. The specimens broke 
with a columnar fracture, and individual! pieces of aggregate had cones of mortar 
adhering to both top and bottom. Water which ordinarily collects beneath aggre- 
gate was distributed throughout specimen.—G. M 


Protecting reinforced concrete — deterioration by sea water. G. F. 
NicHoison. Civil Eng., Nov., 1931, V. 1, No. 14, p. 1243-1248.— Deterioration of 
concrete in sea water is result of forces, schich may be grouped into 2 distinct classes; 
disintegration due to mechanical action, and chemical decomposition. Seriousness 
of chemical activity is usually proportional to degree of physical disintegration which 
has taken place, and to seeded quality of original concrete. Crazing and hair 
cracks caused by shrinkage; cracking due to changes in external temperature; he and- 
ling cracks in precast units; and tension and shear cracks, which develop coincident 
with cross bending when reinforced concrete is used in compression at unit stresses 
sufficiently high for economical design; all provide entrances for sea water, thus 
furthering chemical destruction. Chemical processes which take place during hydra- 
tion of cement in concrete are decomposition of higher lime silicates into lower 
silicates and calcium hydroxide. Calcium hydroxide existing as crystallized grains 
evenly distributed throughout mix, adds to strength and water-tightness of concrete, 
but is soluble in water. Solubility is important cause of deterioration. New quanti- 
ties of calcium hydroxide are ge *nerated by continued decomposition of hydrated lime 
compounds, and of clinker grains after hardening of cement, and carried out of 
structure by percolating water. Decomposition of lime-bearing compounds may 
continue until complete breakdown of cement takes place and reinforcing steel is 
exposed to air and oxygen-bearing water. Excessive corrosion begins immediately. 
Rust forces concrete to yield additional space with slow but tremendous pressure. 
Cracking now becomes visible and accelerated action continues. Numerous water- 
proofing agents have been tested, with varying degrees of success. Thin coating of 
paint on concrete is effective only for short time. Integral waterproofing agents 
which have been tried include lime, clay, diatomaceous earths, pozzuolanas, soaps, 
tars, emulsions, pl: astic cements, and barium salts. Tests indicate that workability 
of concrete is not improved by admixtures; and that admixtures should be classed as 
injurious adulterants because of excess water required to maintain workability, and 
resulting reduction in strength of concrete, which is proportional! to amount of excess 
water. In 1920, at Los Angeles Harbor, idea was advanced of completely impreg- 
nating concrete by immersion in bath of hot asphalt, at temperature of 450 to 500 
F. for 15 to 24 hr. Result usually obtained was full impregnation. Chief objections 
were high destructive temperatures involved, and fact that porous, lean-mix con- 
crete was essential. Plant at Los Angeles Harbor has treating cylinder to accommo- 
date piles up to 82 ft. long.—D. E. L. 


The effect of water containing carbon dioxide upon concrete. Zement 
(Germany), Sept. 3, 1931, V. 20, No. 36, p. 823-5.—Geologic investigation of Sweden 
carried out in April. 1930 jointly by water power department and institute for testing 
materials in Stockholm, indicates wate rs of Swedish rivers contain only very little 
materials harmful to concrete since aggressive carbon dioxide is practically absent. 
Dense concrete prepared from high pa on cement with waterproofing admixtures is 
advised for river structures. Groundwater sometimes carries large percentages of 
free carbon dioxide which is considered chief corroding agent. Chemical phenomena 
which take place when concrete is in contact with flowing or standing waters con- 
taining various amounts of free carbon dioxide, carbonates and bicarbonates are 
illustrated with special consideration to action of water flowing through cement pipes 
and groundwater acting on outside of pipes. Silica which is generally precipitated 
when lime is dissolved, forms protective coating and retards further solution.—A. E. 


B. 


Calculation of the strength of reinforced concrete structures considering 
the properties of the structural materials. SrerpHan Szecor. Zement (Ger- 
many), Aug. 20, 1931, V. 20, No. 34, p. 784-9.—New reinforced concrete theory con- 
siders actual properties of structural materials. New ideas and considerations are 
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discussed together with their application for new revised German standard specifica- 
tions for reinforced concrete. Author claims better efficiency and same degree of 
safety especially when high quality cements and aggregates are used.—A. E. B. 

Chemical consolidation and increasing water impermeability of porous 
masonry structures and concrete. A. GuTTMaNNn. Bautenschutz (Germany), 
Jan. 5, 1931, V. 2, No. 1. p. 4-8.—Old method of injection of cement grout has dis- 
advantage that porous manalate frequently filter grout and only pure water pene- 
trates interior. Hardening takes considerable time. New method, developed by 
Joosten, works with 2 chemical solutions which are forced in turn into structures to 
be consolidated. Both solutions have colloidal character and penetrate finest pores 
and hair cracks. Second salt solution precipitates silica gel out of first solution and 
due to high surface tension of gel neighboring particles are cemented together; voids 
are filled and entire structure is consolidated. Process can also be used for consolida- 
tion of loose soils to increase bearing power and impermeability to groundwater. 
Excavations can be made watertight. (cf. Bautechnik (Germany), March 1930, V. 
8, No. 12, p. 181-6.) Laboratory specimens of poor mortars (1:10) were treated 
under pressure with these solutions after 7 days air storage. Compressive strength 
increased about 4 times. Density of mortar was greatly improved and specimens 
showed higher durability in sodium sulphate solutions. On foundation of large steam 
engine which showed large cracks due to settlement, repair work consisted of i injec- 
tions of cement milk and 2 solutions of chemicals without disturbing operation of 
engine. (2) Consolidation of concrete dam in salt mine resulted in perfectiy im- 
pave agama after several repeated injections even under considerable pressure. 

Effect of the moisture content in the voids of aggregates and wooden 
forms upon concrete strength. J. Fuiiecer. Baute nschutz (Germany), 
Feb. 5, 1931, V. 2, No. 2, p. 17-9.—Laboratory tests of specimens with constant 
w/c ratio but varying amounts of moisture in aggregates revealed that best strength 
is obtained when content of water in pores of aggregates approaches degree of satura- 
tion. Wetting of aggregates a few days before mixing is suggested. Strength of 
test cubes made in wooden forms was always lower than of specimens prepared in 
steel molds. Wood absorbs from 12 to 13% of total water in concrete. Sprinkling 
concrete molds during hot summer months is suggested.—A. E. B. 

The concrete conference of the Norwegian Engineering Society. ZEerzscue. 
Bautenschutz (Germany), March 5, 1931, V. 2, No. 3, p. 39-40.—A short review is 
given of papers and working program of society. E. Bjornstad reported on ‘‘Concrete 
in sea water” and illustrated damage to concrete quays. Moler cement is suggested 
for water structures; reinforcement must be well covered, expansion joints must be 
of excellent workmanship and concrete poured continuously. In his paper ‘“‘Manu- 
facture of concrete with special consideration of impermeability”’ F. Groner discussed 
importance of amount of mixing water, expansion of cement and concrete, expansion 
joints and effective preparation of natural sands and aggregates. Concrete deteriora- 
tion and action of aggressive waters are treated by Halvorsen in ‘‘Causes and damages 
of concrete structures in water and means to prevent such damage.”’ Special atten- 
tion was paid to destruction of Norwegian dams and necessary means for their 
repairs.—A. E. B. 

Welded wire screen reinforcements and shrinkage cracks in concrete 
roads. Laboratory tests and their results. Rosert Orzen. Betonstrasse (Ger- 
many), Aug. 1, 1931, V. 6, No. 8, p. 163-5. —In continuance of previous tests (cf. 
Betonstrasse (Germany), Feb. 1, 1931, V. 6, No. 2, p. 34) author investigates practical 
value of welded steel wire screen reinforcements. Three series include: Specimens 
of pluin concrete, reinforced concrete with ordinary rods and reinforced concrete with 
welded steel wire screens. When shrinkage cracks occur in plain concrete or normally 
reinforced concrete ceilings, connection between broken parts is either entirely 
destroyed or exists only in steel rods. Cracks open wide under increased loads. If 
concrete ceilings with welded steel screen reinforcings crack due to shrinkage, stresses 
are taken up by steel wires and fine hair cracks remain. When stresses increase, 
more fine cracks may develop but they do not become very wide.—A. E 

Temperature rise of concrete. N. Davey. Concrete Constr. Eng. (England), 
Oct., 1931, V. 26, No. 10, p. 571-75.—From a small sample of concrete is predeter- 
mined maximum temperature rise likely to occur in a large mass of same material. 
Rise in temperature in cement mortar and concrete during process of hardening and 
setting may not only affect properties of material itself but also distribution and 
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intensity of stress. This is particularly important for concretes prepared with rapid 
hardening cements. Observations have shown maximum temperature rise may not 
oceur for many days after placing. It is possible with devised apparatus to maintain 
temperatures of 35° C. to within 14 deg. C. and of 50° C. to within 1° C. over a period 
of 24 hr.—J. ° 


A field study of crazing on concrete stone. J. E. Bucuanan. Univ. of Idaho 
Bul., July, 1931, V. 26, No. 10, Eng. Experiment Sta. Bul. No. 2, 24 p .—Crazing and 
cracking of concrete trim stone on Science Hall, a university building i in existence 
approximately six years, developed until it seemed advisable that steps be taken to 
check, if possible, further deterioration. An inquiry into the history of the stone and 
study ‘of present physical action of representative stones was made. At the same time, 
two types of water-proofing surface treatments were subjected to tests extending 
over a period of one year to study effects they might produce on the stones. Certain 
steps which may provide at least some temporary help are recommended. There 
is also presented a theoretical consideration of action of such concrete stone when 
subjected to various temperature and moisture changes.— AUTHOR’S SYNOPSIS 


Shrinkage measurements of concrete block masonry. W.D.M.A.uan. J. 
Am. Concrete Inst., Nov., 1931, V. 3, No. 3, Proc. V. 28, p. 177-185.—Principal 
results of preliminary study of characteristics and extent of volume changes in con- 
— masonry walls as affected by moisture content of block units at time they were 

laid are summarized as: (1) Use of air-dry concrete block units reduced panel shrink- 
age 65 to 80% of that which occurred with saturated units. Total shrinkage of 
panels laid up with air-dry block was less than volume change which would normally 
occur in masonry wall due to seasonal temperature change of 70° F. (2) Major 
port ion of shrinkage in panels occurred between 7 and 28-da. period and accompanied 
loss of 2 to 3% of moisture in excess of that sunbainall 3 in units when in air-dry con- 
dition. (3) High pressure steam curing of units greatly minimized shrinkage of 
panels and where units were dry when used shrinkage was practically nil. (4) 
Wetting one side of panels by spraying with water for 15 min. on each of 6 successive 
days caused maximum expansion equivalent to about one-half total contraction 
occurring in panels laid up with similar units moist cured for 2 days and air-stored for 
26 days. With high pressure steam cured units panel expansion was equal to approx- 
imately one-half of total contraction occurring when units were laid up in saturated 
condition.—AUTHOR’s SUMMARY 


Test procedures for concrete. F. H. Jackson. Am. Soc. Testing Materials 
Preprint, 1931, p. 58-63.—By weathering resistance is meant ability of concrete to 
withstand destructive effects of water, ice and heat as they normally occur, and does 
not include resistance to strong acid or alkali action, against which special precautions 
must be taken. Laboratory test procedure which will simulate effects of natural 
weathering may be used to study fundamental principles involved in design of concrete 
mixtures to resist weathering, and this in turn makes it possible to show by actual 
demonstration in laboratory how markedly durability of concrete may be affected 
by lack of care in construction. Interest in subject of weathering from standpoint 
so far has been confined largely to studying effect of character of aggregates on dura- 
bility. Most of weathering of concrete observed is probably due either to freezing 
of water within pores of concrete or to deposition of crystals of chemical salts origi- 
nally carried into concrete in solution. In either event failure is due to crystal pressure. 
Other possible laboratory tests for durability have been tried. Test procedures used 
by investigators differ sufficiently to make comparison difficult. In all cases results 
indicate in general that strength of mortar or concrete, as measured by water-cement 
ratio used in mix is more important factor in controlling resistance to freezing and 
thawing than is character of aggregate employed, especially in richer mixes.—D. F. J 

The effect of time loading upon the bond stress between concrete and steel. 
R. L. Brown anp E. C. Cuark. Am. Soc. Testing Materials, 1931.—Tests were made 
to study effect of time loading upon bond stress between concrete and steel. Fifty- 
two beams and 12 pull-out specimens were tested. Four beams were tested as a pre- 
liminary set. Time test consisted of 28 beams. Position-of-molding series consisted 
of 12 beams. Eight beams were made to tie in results of time test with those obtained 
in usual method of testing beams. Stains were measured along reinforcement bar. 
Slip readings were taken at 3 points on each end of beam. Defiections were measured 
on each side of a beam. The main series of beams were under load from 18 to 20 
weeks. Time test showed gradual increase in deflection, gradual increase in end slip, 
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and gradual increase of stress in reinforcement bar. Beams poured in an inverted 
position gave values about 20% lower than beams poured in usual manner. Use of 
spring loading in time test gave results comparable with usual machine loading. 
Preparation of beam to take strain readings on reinforcing steel reduced strength 
about 20%. Sliding resistance was important part of bond resistance in these tests. 
Adhesive resistance was in most cases destroyed almost to the end of beam quite 
early in test. Because of this the deformed bars were much superior, carrying more 
load with less end slip.—AuTHoRs’ SyNopsis 

Tests of the stability of concrete masonry walls. F. E. Ricwarr, P. M. 
Woopworts AND R. B. B. Moorman. Am. Soc. Testing Materials Preprint, 20 p.— 
This paper gives results of tests of 60 concrete masonry walls; 42 wallettes, or small 
walls, and accompanying tests of building units and materials. Walls were tested in 
compression, axial and eccentric, and in flexure. From results of tests, several fairly 
definite relations were established. Compressive strength of large walls was shown 
to be quite closely dependent upon compressive strength of the units used therein, 
and average ratio of strength of wall to that of unit was 0.53. Ratio of compressive 
strengths of large and small walls was fairly constant, with average value of 0.91. 
This would seem to establish the propriety of using wallette tests as indicative of 
strength of wall construction, using reduction factor found. Eight-inch walls with 
face-shell mortar beds had four-fifths of compressive strength of similar walls with 
full mortar beds. Effect of other variables included in the investigation, such as 
type of aggregate, strength of mortar and thickness of walls was less definite. Com- 
a walls of face brick and concrete units showed satisfactory behavior and strength. 

he average compressive strength of all large walls varied from 335 to 850 p.s.i. 
Flexural strength of walls, which failed at junction of units and horizontal mortar 
joints, varied from 18 to 50 p.s.i. Walls under eccentric loads applied at edge of 
middle third of thickness carried loads three-fourths as great as when load was 
centrally applied.—AvutTuors’ Synopsis 

Temperatures developed in mass concrete and their effect upon the com- 
pressive strength. R. E. Davis anp G. E. Troxetyu. Am. Soc. Testing Materials 
Preprint, 1931, 19 p.—Paper briefly summarizes results of field observations made 
by various investigators upon mass concrete structures, to determine temperatures 
developed during hardening period, and describes laboratory tests under directon 
of the authors to determine compressive strengths of concrete cured under conditions 
duplicating those to be found within mass during hardening period, as well as observa- 
tions on insulated specimens to obtain time-temperature relations existing during 
early ages of hydration process. The paper shows that (1) heat in considerable 
quantities is generated during hydration of all normal portland tements, (2) even 
for lean mixes this heat of chemical reaction is sufficient to increase substantially 
temperature of concrete in large masses and thick sections over temperature of mix 
at time of pouring, (3) this temperature rise is proportional to quantity of cement 
present in mix, (4) magnitude of temperature rise as well as shape of time-temperature 
curve is influenced by kind or quality of cement, (5) compressive strength of concrete 
of small dimensions cured at normal temperature is no criterion to compressive 
strength of an identical concrete cured in large mass where chemical heat of hydra- 
tion produces marked increase in temperature, (6) under normal conditions mass- 
cured concrete at early ages is substantially greater in strength than normal cured 
concrete but at later ages reverse is true, (7) initial temperature of mass concrete 
has marked effect upon time-strength relation of mass concrete, and (8) time-strength 
relation of mass concrete differs greatly with kind or quality of cement.—AuTHORs’ 
SYNOPSIS 

The concrete flow trough. Donatp M. Buraister. Am. Soc. Testing Mate- 
rials Preprint, 1931, 16 p.—Control of quantity of mixing water in concrete serves two 
very important purposes: (1) to produce concrete of definite specified strength and 
(2) of quite definite flow characteristics. Flow table principle seemed to offer greater 
possibilities for development of more satisfactory apparatus for testing wetness of 
concrete, although slump principle seemed to give better indications of workability. 
Flow trough was developed to confine flow of mass of concrete in one direction along 
axis of semi-cylindrical trough under action of 10 1l-in. drops. A modified mortar 
flow trough was similarly developed for testing mortars and stuccos. Investigation 
of series of different concrete mixes was made to show quite definite information as 
to workability of concrete can be obtained by means of flow trough as well as measure 
of wetness, and that results are reproducible within quite narrow limits. Slump 
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test is used for comparison. Characteristics of concrete are reflected in varying 
degrees by its behavior in any given test. Flow trough test furnishes two figures 
which are indicative of these characteristics, namely, flow at 10 drops and plasticity 
coefficient. Results of investigation show how these figures as indices of workability 
can be used as basis for comparison of concretes and for design of concrete mixtures. 
The flow as a measure of the wetness of concrete and plasticity coefficient as measure 
of its plasticity together define a concrete more completely and make its properties 
more tangible-—AuTHORs’ SYNOPSIS 

Tests of the fire resistance and stability of walls of concrete masonry 
units. C. A. Menzev. Am. Soc. Testing Materials Preprint, 1931, 54 p—This paper 
presents the principal results thus far obtained in a comprehensive and systematic 
investigation of the fire resistant and load-carrying properties of approximately 100 
walls of concrete masonry units when subjected to standard fire endurance and load 
tests. The tests covered studies of the relative influence of such factors as type and 
grading of aggregate, cement content, design of unit, type of mortar, workmanship, 
and application of plaster. With exception of size of wall, tests were conducted 
strictly in accordance with Standard Specifications for Fire Tests of Building Con- 
struction and Materials. Both because of limitations in space a railable for test 
equipment and excessive cost in tests of this magnitude, walls about 5) ft. wide and 
6 ft. high with a total area of about 33 sq. ft. were employed instead of walls 9 ft. in 
height and 100 sq. ft. in area required by these specifications. To compensate for 
the reduction in size of test walls as well as to improve precision with which such 
tests are usually conducted, a particularly rigid test technique was adopted. It is 
believed that technique followed gives reliable basis for comparison of relative fire- 
resistant properties of the walls and of relative influence of various factors studied. 
Information is presented on load-carrying ability of walls before and after severe fire 
exposure for wide range in composition and design of units and of type of mortar 
and workmanship employed in construction of walls.—AUTHOR’s SyYNOPsIs 

Tests of concrete conveyed from a central mixing plant. WiLLis A. SLATER. 
Am. Soc. Testing Materials Preprint, 1931, 16 p.—Paper records results of tests to 
determine effect on properties of concrete, of transporting it for 21% hr. in truck whose 
container consists of closed rotating drum without mixing blades. Samples were taken 
at 14-hr. intervals; on these were made tests of slump and composition of concrete. 
Compressive strength specimens also were made for tests at different ages. Within 
limits detected by the measurements, concrete retained water and all its cement 
throughout 214-hr. transporting period. There was considerable decrease in slump 
and evidence of pulverizing of a considerable quantity of aggregate. Stiffening 
which occurred within first hour would improve consistency of concrete for almost 
any purpose. Even after 21% hr. in drum, consistency would be quite satisfactory 
for road and pavement work where requirements are quite rigid. There was no 
evidence of segregation while transporting. Strength of concrete from samples taken 
at successive intervals after charging conveyor drum increased progressively accord- 
ing to length of time during which sample had been transported in conveyor. The 
average 28-da. strength of specimens taken after 24 hr. of transporting was approx- 
imately 900 p.s.i. higher than that taken from mixer.—AUTHOR’s SyNoPsIsS 

The performance of concrete in exposed structures. EpHrem Viens. Am. 
Soc. Testing Materials Preprint, 1931, p. 3-22.—From inspection of natural stone and 
concrete in exposed structures and with knowledge of weathering agents, it becomes 
apparent the most desirable features of a building material, which is to be durable, 
are uniformity and homogeneity. Answers to some of questions which could be asked 
about characteristics of portland cement might not prove of any great value in 
themselves but a more thorough understanding of its properties should make for more 
intelligent use of concrete. First requirement of aggregates is that of soundness and 
at present there is a need for a rapid method of determining this property. Uniform- 
ity and workability are absolutely necessary for durable concrete and these can be 
secured through care in preparing aggregates, proportioning, mixing, transporting 
and placing. Proper curing is also essential and more careful choice and training of 
labor should be a help. Architectural lines suitable for use of concrete should be so 
chosen that concrete may be well and efficiently placed and points of weakness such 
as sharp corners and undrained portions should be eliminated wherever possible. 
Only a small percentage of total quantity of concrete placed is deteriorating rapidly 
and cement and aggregates are seldom the cause, while carelessness and poor methods 
of application are usually to blame.—AUTHOR’s SYNOPSIS 
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Studies of paving concrete. F. H. Jackson anp W. F. KeELLERMANN. Am. 
Soc. Testing Materials, 1931.—Tests described in this paper were made for purpose of 
determining effect of a number of variables involved in construction of concrete 
pavements upon strength, density and other properties of pavement slabs. Among 
the factors studied were effect. of: (1) Increasing percentage of coarse aggregate in 
mix. (2) Varying type of finishing machine. (3) Varying grading of coarse aggregate. 
(4) Varying consistency of mix. Average flexural strength and uniformity in strength 
of each pavement slab were obtained by testing large beams taken directly from test 
section. These results were compared with results of tests of beams molded alongside 
test section at time of placing. Compression tests were obtained by drilling cores in 
each test section and by molding cylinders alongside test section. Uniformity of 
concrete for each test condition was also determined by examining finished structure 
for presence of honeycomb, amount of homeycomb being used as a measure of work- 
ability of concrete. A total of 265 test sections, each 9 ft. wide, 9 ft. long and 7 in. 
deep, were tested.—AvutTuHors’ Synopsis 


ENGINEERING DESIGN 
BRIDGES 


Reinforced concrete bridge at Seville, Spain. J. E. Risera. Génie civil 
(France), Sept. 19, 1931, No. 12, p. 289-292.—Contract was awarded to a Spanish 
firm, submitting bid for reinforced concrete structure at cost of eight million pesetas, 
in preference to all-steel structure worth 11.5 million pesetas, designed by a well- 
known French firm. Bridge consists of twin reinforced concrete arches with span of 
144 ft. and rise of 27.5 ft. Curve is second degree parabola. Each arch has width of 
8.2 ft., so that entire arched rtion of bridge is only one third its total width of 
49 ft. Three separate and rigid steel frames form reinforcement of each arch. Apron 
is concrete slab 77¢ in. thick, paved with squares of compressed asphalt 2 in. thick. 


Arch bridges. ‘‘Bogenbriicken.”’ J. Me.tan anp Tu. Gestescur. 1931, 
Wilhelm Ernst und Sohn, Berlin (Germany), part 1 and 2, V. 11 of Handbook for 
reinforced concrete construction by F. Emperger, 4th revised edition. Reviewed in 
Zement (Germany), Sept. 24, 1931, V. 20, No. 39, p. 876.—Theory of arches is treated 
in condensed but com rehensive form by Prof. Melan (Prague). Hinged arches, 
including those with only 1 hinge, hingeless arches with different fixed points, vertical 
and inclined loads, effect of forces acting horizontally upon plane of arches and most 
suitable forms of design and necessary dimensions are discussed. Static calculations 
of bridges are explained by Dr. Gesteschi. Book includes new examples, breaking 
tests on solid bridges and temperature changes in such structures. Second chapter 
shows architectural details of designs and gives directions for concrete and reinforced 
concrete bridges.—A. E. B. 


High-strength concrete used in new Fort Worth, Tex., bridge. C. Mito 
Tueuin. Eng. News Record, Oct. 1, 1931, V. 107, No. 14, p. 527.—-Royal St. bridge 
recently completed by city of Fort Worth, Tex., is an example of recent trend toward 
use of higher working stresses in design of major highway bridges. All parts of 
structure above footings were designed for 3,500 lb. concrete using 1,050 p.s.i. as 
working stress for positive moment and 1,200 p.s.i. for negative moment above sup- 

rts. Footings were designed for 2, 500-Ib. concrete using 875 p.s.i. working stress. 
Fate rmediate grade billet steel used throughout had working stress of 18,000 
p.s.i. Live loading used in design consisted of 20-ton trucks with 80% of weight on 
rear axle, or 150-lb. uniform live load per sq. ft. Side walks were designed for uniform 
live load of 80 p.s.f. An impact stress of 25% of live load was used in designing all 
parts of structure. Bridge consists of 14 — beam-and-girder spans of 48 ft. 
each and one spandrel four-rib arch of 124-ft. span, giving a length of 796 ft. between 
abutments and 836 ft. total length. Clear width of roadway between curbs is 56 ft. 
Two sidewalks 7 ft. wide make total width of 70 ft. between handrails. Concrete for 
footings utilized 544 bags of cement per cu. yd. concrete in place, giving approxi- 
mately a 1:214:4 field mix and a minimum of 2,500 p.s.i. when tested in cylinders. 
Concrete for mi parts above footings consisted of 734 bags of cement per cu. yd. 


concrete in place, giving approximately a 1:114:2)4 field mix and minimum of _ 
p.s.i. when tested in cylinders. All concrete was poured with — of 4 to 5 in. 
to permit satisfactory placing in heavily reinforced sections.—D. E 
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A method of arch design. G. P. Manninc. Concrete Constr. Eng. (England), 
Oct., 1931, V. 26, No. 10, p. 561-68.—Method is given for analysis and design of 
sy mmetrical single-span two-hinged tied arch used where it is not possible to provide 
abutments capable of resisting horizontal thrust. Main points of difference between 
true and tied arch are: tie elongates under load producing movement of hinges; tie 
may be given a camber; tie and arch usually are subjected to same temperature 
changes. A tied arch is in the same state as true arch with fall in temperature. 
Stress of 18,000 p.s.i. is equivalent to fall in temperature of 100° F. Cambering tie 

yroduces stresses in suspenders and in turn produces horizontal thrust in arch. 
ethod of design consists in finding moments, thrusts, and shears in corresponding 
two-hinged true arch and applying corrections for stretching of tie and camber. 
Bridge floor is first designed and spacing of hangers selected, selecting profile for 
arch as basis. Influence lines for moment, horizontal thrust, and vertical shear are 
drawn for sections of arch at hangers. Maximum moments with corresponding 
thrusts and shears are then obtained. Corrections are then applied for stretching ot 
tie and camber. After drawing envelopes showing corrected maximum moments at 
all points, best profile for arch can be selected.—J. M. 
BUILDINGS 

Concrete construction for paper mill buildings with reference to fire- 
proofing, ventilation and insulation. Davin ANpbErRsson. Teknisk Tidskrift, 
Sept. 26 and Oct. 3, p. 517-522 and 531-535.—Special types of buildings, built exclu- 
sively of reinforced concrete have been developed to take care of very moist air in 
paper mill and vibration of heavy machinery. Ventilating pumps are installed to 
care for steam developed in drying paper. It is estimated that in some bigger mills 
14 to 15 tons of steam is developed per hour. To avoid condensed water on ceiling, 
a hanging ceiling is used and hot air blown in between ceiling and the roof. To 
speed up construction and for economy steel girders are used. They are encased in 
concrete and carry forms for slab construction.—O. A. 

Swedish book on building construction. ‘‘Husbyggnadskonst.’’ HENRIK 
Krevcer. Albert Bonniers Publishing Co., Stockholm, 769 p.—This fourth volume 
of a series on building construction in Sweden deals with insulation, acoustics, fire- 
proofing, we ather permeability and building details. Part dealing with insulation 
against heat, cold and sound is based on experimental results obtained by the author. 
Insulation values for heat and cold m: iy be determined without complicated calcula- 
tions. Aircrete—light weight concrete—seems to be standard product in Sweden. 
Aircrete wall has better insulation against cold than brick wall of the same thickness, 
and aircrete can be considered fire-proof material. Another part of book deals with 
construction of walls, columns, stairs, floors, roofs, etc., with reference to strength, 
durability and insulation of different materials. Splicing of steel columns, arrange- 
ment of reinforcement in concrete columns, beams and arches etc. are of interest. 
Diagrams and tables give the costs of walls, floors, columns, etc. using different kinds 
of constructions and materials. Charts indicate the comparative costs of roof- 
and floor-framings for different spacings of girders and beams for various loadings 
and spans. Steel and concrete arches both with and without hinges and tierods are 
included with most of different European systems.—O. A. 

Dams 

The large dam structures. Mercizr. Ann. ponts chauss. (France), 1931, 
No. 2, 30 p.—Illustrated article describes great number of large dams, their develop- 
ment, calculations, designs, construction methods, structural materials, handling of 
concrete and experiences in practice.—A. E. B 
MISCELLANEOUS 

An earthquake-proof tower structure in the capital of Peru, South Amer- 
ica. JorDAN. Deutsche Bauztg. (Germany), 1931, No. 49-50, 3 p.—In describing 
10-yr. old tower structure in Lima, Peru, special consideration is given to earth 
filled reinforced concrete box foundation. Superstructure is built relatively light 
thus lowering center of gravity. Building is practically safe in cases of earthquakes. 
Application of design for similar structures is stressed.—A. E. B 

Cutting corners in concrete structural design. J. R. Gorrz. Concrete, 
Nov., 1931, V. 39, No. 5, p. 23-25.—Bending moments in continuous beams with 
partial and discontinuous loading may be calculated by means of a series of steps. 
Coefficients for substitution in simple equations are read from charts. Two equations 
involving two unknown moments must then be solved.—N. H. R 
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Statics. Karv Zituicn. 1931, Wilhelm Ernst and Son, Berlin, Germany. Part 
1, R. M. 2.40. Reviewed in Zement (Germany), Oct. 8, 1931, V. 20, No. 41, p. 912. 
— Book illustrates fundamental laws of statics and discusses ‘geometric methods for 
demonstration of forces, determination of centers of gravity, moments of flexure and 
pressures.—A. E. B. 

Reinforced concret esea pier in Savona, Italy. Cavauieri. Jl Cemento 
armato (Italy), 1931, No. 6, 6 p.—Pier 1378 ft. long, 49.2 ft. wide rests on continuous 
reinforced concrete beam, supported by reinforced columns with reinforced concrete 
pile foundations. Article describes static considerations, construction progress, 
reinforcements of superstructure and discusses mathematical calculations—A. BE. B. 

The North lock in Ijmuiden, Holland. Heynine. De Ingenieur (Holland), 
1931, No. 23, 10 p.—Important lock recently completed a Bautechnik (G —_ any) 
May 9, 1930, V. 8, No. 20, p. 305-8; Journat A. C. I., Jan. 1931, V. 2, No. 5, Ab- 
stracts, p. 154) i is chiefly a reinforced concrete structure. ’ Dimensions of lock chamber, 
auxiliary equipment, etc. are of interest.—A. E. B. 

Shallow trough bunkers. W. 8. eae Concrete Constr. Eng. (England), Oct., 
1931, V. 26, No. 10, p. 578-86.—Discussion of design for sloping bottom reviews 
methods that have been used. Bending moments would not occur in sloping sides 
if shaped like inverted linear arch. Difficulty of finding equation of curve in terms 
of Cartesian coérdinates lead to assuming parabolic curve. This may give rise to 
cracks in the concrete. Another assumption is to use equation of arch as shape of a 
chain under a system of vertical loads. Errors are introduced since slope is not small 
and loads at bottom are not vertical. Third assumption proposed is that curve is a 
Lintearia as under a water load. This introduces elliptic functions and unsuitable 
type of construction. Distinguishing feature of modern design is treating side and 
partition walls as deep beams. Trough may be designed as bent slab suspended from 
vertical sidewalls. Disadvantages of method used for design of slab are: torsional 
moment, in cases where slab is considered as strips, is neglected; rules for calculating 
shear apply only to freely-supported slabs; method of computing reaction gives only 
portion of reaction.—J J. M. 

Bond, shear and diagonal tension in reinforced concrete. J. R. SHANK. 
J. Am. Concrete Inst., Nov., 1931, V. 3, No. 3, Proc. V. 28, p. 187-192.—Many 
developments of common formulas for bond and shear or di: won: + tension are need- 
lessly roundabout and obscure. More direct and logical procedure is attempted. 
Unit horizontal shear may combine with unit vertical shear to produce tension at 
45 deg. to horizontal or vertical. Unit diagonal tension is also equal to unit horizontal 
shear. Stresses in diagonal tension reinforcing, or expressions to be used for designing 
tension or web reinforcing, are developed to apply to bars that are vertical, inclined 
at angle of 45 deg. and at angles other than 45 deg. It seems reasonable to consider 
the lines of action of diagonal tension forces as basis upon which to consider actions 
of other lines. If no bending fibre stress action is to be considered below neutral 
axis then same expression must serve on both sides of the 45-deg. line. If some bend- 
ing tensile fibre stress shall be considered below the neutral axis, then basis line shall 
be on angle less than 45 deg. and vertical stirrups will be at muc h greater advantage. 
Web reinforcing is in no sense shear reinforcing because shearing resistance of concrete 
is so very much greater than tensile resistance.—D. F. J. 

Third progress report on column tests at Lehigh University. Wiuis A. 
SLATER AND INGE Lyse. J. Am. Concrete Inst., Nov., 1931, V. 3, No. 3, Proc. V. 
28, p. 159-166.— Purpose of series of tests was to study effect of high yield-point wire 
spiral on strength of reinforced concrete columns. ‘‘Fast’”’ loading was used. De- 
signed strength of concrete was 3500 p.s.i. and longitudinal reinforcement was of inter- 
mediate grade. Deformation of concrete in reinforced columns was larger than that 
for their control cylinders at given stress. Within range of strains measured, varia- 
tion in amount or grade of spiral had practically no effect upon deformation of columns. 
Distances between deformation curves for columns of different amounts of longitu- 
dina! reinforcement correspond approximately to distances between curves for rein- 
forcement alone, indicating that in reinforced columns effectiveness of concrete in 
carrying load at any given strain was independent of amount of reinforcement. used. 
For “fast” loading, strength added to columns by spiral appeared to be approximately 
equal to strength added by equal amount of longitudinal reinforcement of same 

ield-point stress. Results indicate that for “fast” loading strength of spirally rein- 
orced concrete column was equal to sum of net area of concrete within spiral times 
85% of strength of control cylinders, area of longitudinal reinforcement times its 
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yield-point stress, and equivalent area of spiral reinforcement times yield-point 
stress of material from which it was made.—AutTHORS’ SUMMARY 

Third progress report on column tests made at the University of Illinois. 
F. E. Ricuart anp A. C. Stragnie. J. Am. Concrete Inst., Nov., 1931, V. 3, No. 3, 
Proc. V. 28, p. 167-175.—Tests were planned to bring out effect of using drawn 
wire of high strength as spiral reinforcement. As one group of columns was made 
with 2% of both hot rolled and drawn wire spirals, combined with 0, 1.5 and 4% 
vertical steel, series affords fairly direct comparison of column strengths produced 
with 2 grades of steel. With test methods used, columns with drawr n wire spirals 
failed suddenly and violently, due to breakage of spiral wire. Margin of strength 
attributed to spirals was closely proportional to yield point or ‘‘useful limit” of 
two grades of spiral steel, though drawn wire showed slightly greater effectiveness. 
Drawn wire spirals were found to average 1.99 times as effective in producing ulti- 
mate column strength as equal weight of vertical reinforcement of same quality. 
Corresponding value for intermediate grade spirals in this series was 1.66. Yield 
point of columns appears to be practically independent of amount or kind of spiral 
reinforcement. Margin of strength above yield point is ns vturally much greater 
with drawn wire than with hot rolled spirals, although accompanying deformations 
are also correspondingly larger. Measured shortening of columns with 2% drawn 
wire reached as much as 1.6% at failure; with similar spirals of hot-rolled ‘ped short- 
ening reached 0.7% at failure.—Au THORS’ SUMMARY 


RoaDsS AND PAVEMENTS 


On the composition of concrete for top layers of concrete roads. A. 
HumMMEL. Betonstrasse (Germany), Aug. 1, 1931, V. 6, No. 7, p. 166-70.—Ideal 
curves (with respect to optimum concrete compressive strength) can not be used in 
general for favorable proportioning of concrete for top layers of concrete roads. 
Such concrete must have composition between high strength concrete and concrete 
with good workability. A set of curves for suitable gradings has been worked out. 
Importance of moisture content of sand is emphasized. Accumulation of pure water 
on surface of concrete is sign of lack of necessary fine sand. Logarithmic scale for 
proportioning of gradings is advised and 2 fine sieves in addition to standard sieve 
sizes are proposed._-A. E. B 

The theory of the concrete road top. Zetrzscun. Betonstrasse (Germany), 
Sept. 1, 1931, V. 6, No. 9, p. 182-4.—-Author presents in review of paper by Svendsen 
(cf. Teknisk Ukeblad (Norway), 1930, No. 30), a mathematical discussion of stresses 
in concrete road slabs under various conditions and loads. Effect of temperatures 
and moisture on concrete is pointed out and elasticity of concrete is considered. 
Suitable arrangement of expansion joints and their influence upon formation of 
cracks are shown.—A. E. B. 


ARCHITECTURAL DESIGN 

Concrete for morfuments. Zement (Germany), Aug. 27, 1931, V. 20, No. 35, p. 
802-5.—Conerete is suitable low priced material for manufacture of monuments 
and decorative structures. Its raw materials can be easily obtained where natural 
stone materials are not. available. Plastic character of concrete and easy workability 
furnish greater possibilities for creation of architectural and artistic effects. Re- 
sistance to mechanical action, fire, weather and frost is not less than durability of 
natural stones. Beautiful effects can be obtained by suitable choice of aggregates 
or coloring admixtures. Use of white portland cement facilitates such work. Various 
methods of surface treatment allow multitude of aesthetic effects. Detailed descrip- 
tion is give n of architectural design, aesthetic value and working methods of several 
large German monuments, war memorials and gravestones.—A. E. B 

The Meerane bridge in Glauchau i. s., Germany. Kunze. Bautechnik (Ger- 
many), Jan. 23, 1931, V. 9, No. 4, p. 45-7..-Reinforced concrete girder structure has 
continuous flat slab concrete roadbed and 6.6-ft. cantilevered sidewalks. It rests on 
2 abutments and 4 piers with openings of 50.9, 64.0, 65.6, 64.0 and 50.9 ft. Piers 
consist of footings 31 in. thick and 41.3 ft. long, base 7.2 ft. high with inclined sides 
and shaft 4.6 ft. wide, 34.8 ft. long and 8 ft. high. Superstructure consists of 4 con- 
tinuous beams, 300 ft. long, 1.9 ft. wide and up to 5.1 ft. high. Beams are spaced 
8.8 ft. c. to e. Details of construction process, excavation, concrete mixing, forms 
and reinforcements are included with critical discussion of static considerations and 
architectural design.—A. E. B 
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FIELD CONSTRUCTION 
BRIDGES 


The Herval bridge. Bivarr. /ngenieria (Argentina), 1931, No. 6, 6 p.—Rein- 
forced concrete highway bridge over Rio Peixe, Argentina, has center opening of 
223.1 ft. Two main girders are carried by 2 pairs of piers and are cantilevered at 
both ends. Construction details of bridge are clearly described. No centerings were 
used. Cross-sections of structure show shape of girders and arrangement of road- 


bed.—A. E. B. 
BUILDINGS 


Estimating cost of concrete work. Lesuiz H. ALLEN. Concrete, Oct., 1931, 
V. 39, No. 4, p. 9-12.—Estimate is based on a specific set of working plans for 5-story 
reinforced concrete garage in large southern city. Methods and figures given in 
previous installments are used, and typical framing plan and longitudinal section 
are shown.—C. B. 

Metal forms of changeable dimensions and their application for reinforced 
concrete structures. Pascau. Ciment armé (France), June, 1931, 9 p.—A new 
forming process uses iron molds especially shaped and provided with clamps for 
rapid assembling. Forms are especially applicable for columns, floors, slabs and rib 
ceilings.—A. E. B. 

Wire forms. Zement (Germany), Oct. 1, 1931, V. 20, No. 40, p. 893-4.-Polemic 
between Michels and Schneider-Arnoldi on subject of economy of wire screen forms 
for construction of concrete dwelling houses (cf. Zement (Germany), Sept. 25, 1930, 
V. 19, No. 39, p. 922-4; June 18, 1931, V. 20, No. 25, p. 590-3; JournaL A. C. L., 
Dec. 1930, V. 2, No. 4, Abstracts p. 112; Oct. 1931, V. 3, No. 2, Abstracts p. 45). 
Michels questions cost calculations and points out that use of wooden forms is more 
efficient and advisable. Schneider-Arnoldi proves contrary and no agreement is 
reached. Economy depends largely on cost of wood and transportation in different 
localities.—A. E. B. 

Reinforced concrete skeletons for dwelling house construction. H. 
RAETHLING. Zement (Germany), Aug. 13, 1931, V. 20, No. 33, p. 760-3.—In various 
construction methods for dwelling houses characterized and compared, special 
attention is given to application of reinforced concrete skeletons for smaller buildings. 
Economic and structural advantages are pointed out. Skeleton gives building 
monolithic character; it is rustproof and fireproof. Walls can be built in at reasonable 
costs. Structures are highly resistant against mechanical effects and shocks. Ex- 
oar eae different flat slab ceilings and construction materials are interesting. 


she 
. 


An office building of reinforced concrete. E. Borst. Zement (Germany), 
Sept. 10, 1931, V. 20, No. 37, p. 837-40.—Excellent sound strata and low ground- 
water level facilitated foundation work of 10-story office building with two 3-story 
side wings. Lower stories are.10.8, upper 10.6 ft. high. Hollogy concrete ceilings of 
Zublin system used have spans from 16.4 to 25.6 ft. and are only 8.7 to 10.6 in. thick. 
Main columns of skeleton range from 19.6 to 11.8 in. square. Use of high quality 
cement made small dimensions possible. Brief description includes construction 
progress, concrete mixing and distribution.—A. E. B. 


Dams 


Mountain site of construction for Vermunt dam. Hasinp. Zeitschr. Ver- 
eins Deutsch. Ingen. (Germany), 1931, No. 25, 6 p.—Difficulties were encountered 
during construction of dam in high mountain region. Entirely new and ingenious 
inotalitions were built for transportation of structural materials and distribution 
of concrete (cf. Zeitschr. Ostr. Ing. u. Archit. Vereins (Austria), June 26, 1931, V. 
83, No. 25-26, p. 205-8), including aerial cableway, conveyor for cement, mixing 
plant, belt conveyor for concrete distribution and tower systems.— <A. E. B. 


MISCELLANEOUS 

Binding of dust of cement floors in boiler and power houses. Baulenschutz 
(Germany), March 5, 1931, V. 2, No. 3, p. 38-9.—Answer to article by Stiimer (cf. 
Bautenschutz (Germany), Nov. 5, 1930, V. 1, No. 9, p. 118) on subject of surface 
treatment of cement floors with fluorite solutions. Process can he applied to old 
and new floors. It does not endanger durability and is more efficient than impregna- 
tions with mineral oils.—A. E. B. 
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Sewage disposal plant of city of Uelzen (Germany). Viktor Scuman. Bau- 
technik (Germany), Jan. 9, 1931, V. 9, No. 2, p. 26-30.—General considerations for 
location, design and dimensions of plant are given. Construction of 2 reinforced 
concrete basins and their operation are described. Special consideration was given 
to foundations and distribution of reinforeements.—A. 

The enlargement of the Kaiser-dock No. 2 in Bremerhaven, Germany. 
AGcatz. Werft Reederei Hafen (Germany), 1931, No. 12, 6 p.—Great increase in 
tonnage of oversea passenger and freight steamships cae caleneemsiaal of old dock 
necessary. Its length was increased by 219.8 ft. Interesting construction method 
was employed on reinforced concrete structure. Changes were made on existing 
old dock to allow handling of larger ships. A more detailed description of entire 
structure was given in earlier paper (cf. Report of the 33rd main meeting of German 
Concrete Association, March 17, 1930, p. 324-88; Journau A. C. I., May 1931, V. 2 
No. 9, Abstracts p. 267).—A. E. B. 

The economy of the concrete pump. HorrmMann. Zeitschr. Vereins deutscher 
Ing. (Germany), 1931, No. 25, 1 p.—Brief article presents experiences with concrete 
pump and gives information about cement consumption, efficiency and costs.— 
A. E. B. 


The use of impregnation agents for mine structures. A. KLEINLOGEL. 
Bautenschutz (Germany), May 5, 1931, V. 2, No. 5, p. 52-4.—Enlargements of Leit- 
zach power station (Germany) made re-location of 2 rivers necessary. Difficulties 
were encountered in driving tunnels through unsound rocks and clay strata. Interior 
of tunnels was provided with following protective coatings: quartz sand mortar 
(1:4), coarse mortar (1:4), fine mortar (1:2), pure cement and finally sprayed coat- 
ing of Inerto: to improve smoothness and density. Loose soils from which water 
emerged in spite of all precautions were consolidated by injections of cement- 
Tricosal mixtures. Chemical consolidation process could not be applied on account 
of clay. Numerous }% in. pipes were driven approximately 20 in. into ground above 
tunnel. Cement and Tricosal were forced through pipes by means of Torkret pump. 

Satisfactory results were obtained after 12 hours. In some locations mixtures of high 
alumina cement and portland cement in proportion 3:1 were successfully used. 
A. E. B. 

Iron concrete forms. Srreit. Zement (Germany), Sept. 3, 1931, V. 30, No. 36, 
p. 818-21.—Sections of new type of standardized iron concrete forms, made by Eisen- 
werk Holstein, Pinneberg, Germany, are 3 ft. high and can be easily assembled to 
any desired length. Distance between inner and outer form is maintained by small 
concrete blocks and steel bolts. Forms can be used in different combinations. Con- 
crete surface is smooth and without pores which eliminates after-treatment. No 
water is absorbed by forms which fact increases density of concrete. Forms are not 
deformed or affected by high pressures of materials or vibration. Iron forms have 
been used with great success on numerous jobs illustrated.—A. B 

Structural standards; 1931. ‘‘Baunormung 1931.”’ Published by German 
Committee for Standard Specifications; editor: Beuth Verlag, Berlin S14, Germany, 
RM. 1.00. Reviewed in Zement (Germany), Oct. 15, 1931, V. 20, No. 42, p. 929-30. 
—German Committee for Standard Specifications for Construction Work presents 
papers given at main conference in June, 1931, in Berlin, Germany. They include 
papers by Gehler, Kaiser, Ellerbeck, Loschmann and Graf about economic importance 
of standard specific: tions for steel-, concrete-, reinforced concrete-, road-, and dwell- 
ing house-construction.—A. E. B 

The slab construction method by May and the Rhenish pumice materials. 
Zement (Germany), Sept. 3, 1931, V. 20, No. 35, p. 821-3.—Failures of recently 
developed light concrete slab construction method are investigated. Slabs were 
made of light concrete with Rhenish pumice aggregates and their size was 9.8 by 
3.6 ft. Little sand was added to increase mechanical strength. Chief mistake was 
too large size of slabs and too early use in construction work. Hardening was speeded 
up by curing with steam and storage in moist rooms. Sand increased density and 
lowered heat insulating properties. Slabs had no time to dry out sufficiently and 
walls of dwelling houses built from such slabs showed 15 to 24% moisture content, 
even after 1 and 2 years. Surface finish prevented drying process. Failures were 
not due to eaom of pumice materials but only to improper use and construction 
method.—aA. 

Under-water as poured by the Contractor process. ‘‘Unterwasser- 
gussbeton nach dem Contractor Verfahren.’’ Trier anp Tops, 1931, Wilhelm 
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Ernst und Sohn, Berlin, (Germany), R.M. 2.80. Reviewed in Zement (Germany), 
Oct. 22, 1931, V. 20, No. 43, p. 945.—Placing concrete bodies under water is usually 
connected with great costs. Methods employing funnels and boxes have disad- 
vantage that concrete mixture is liable to be washed by water and loses cement. 
Contractor process, developed in Sweden, has none of above described disadvantage. 
eer was applied during construction of canal near Magdeburg, Germany. 

Practical questions of the reinforced concrete construction. Luz Davin. 
Zement (Germany), Oct. 1, 1931, V. 20, No. 40, p. 888-92.—A number of methods 
facilitate and cut down costs for formwork for reinforced concrete floors, beams and 
columns. Special emphasis is given to manufacture and transportation of assembled 
forms. Additional suggestions are made for manufacture and placing of reinforce- 
ments, preparation of aggregates, mixing of concrete and favorable arrangements of 
site of construction.—A. E. B. 

The canalization of the river Lahn and the power station in Cramberg, 
Germany. Ernst GoupstickER. Bautechnik (Germany), March 13, 1931, V. 9, 
No. 11, p. 133-7.—After discussing historical development and economic importance 
of canalization project, author describes construction and design of weir and locks 
near Diez, enlargement of locks at Kalkofen and Hollerich, 2 weirs and locks at 
Nassau and Dausenau, river excavations and installations of hydro-power station in 
Cramberg.—A. E. B. 

Storage silos of grain mill in Dusseldorf, Germany. Bautechnik (Germany), 
Feb. 20, 1931, V. 9, No. 8, p. 107-8.—Ten cylindrical reinforced concrete silos with 
26.9 ft. interior diameter and 11,000 tons capacity were erected in 2 rows by means of 
movable forms of Rohmeyer system. Form panels are 6.6 ft. high and 4.3 ft. wide. 
Walls are 5.9 to 7.9 in. thick. Calculation of structures was according to directions 
by Moersch (cf. Bautechnik (Germany), Apr. 1929, V. 7, No. 20). Underground con- 
sisted of 26 ft. layer of loose gravel’ Pile foundation included 483 reinforced concrete 
piles (13 in. sq. and 23 to 40 ft. long), manufactured at construction site. Structure 
is connected with old silos by reinforced concrete bridge with 2 conveyor belts. 
Two tunnels with belts extend under silos. Entire structure 118 ft. high was finished 
within 13 weeks.—A. E. B. 

Fundamentals in solving the problems of pre-mixed concrete making. 
JosepH A. Kitts. Pit and Quarry, V. 23, No. 2, Oct. 21, 1931, p. 65-67.—Instances 
of unsatisfactory results following compliance with orthodox specifications are listed, 
and numerous arguments stated urging adoption of technological control in com- 
mercial practice.—A. J. H. 

Member concerns supply aggregates for producing pre-mixed concrete. 
Harry E. Hopkins. Pit and Quarry, V. 23, No. 1, Oct. 7, 1931, p. 60-61.—Fourteen 
Connecticut contractors and dealers incorporated Waterbury Ready-Mixed Con- 
crete Co. whose new, dry-batching plant loads truck-mixers, one minute of time 
being required to charge each of four trucks.—A. J. H. 

The Aller culvert underneath the Mittelland canal. Garse AND KRUEGER. 
Bautechnik (Germany), Feb. 6, 1931, V. 9, No. 5-6, p. 57-60, 76-8.—Entire culvert 
is 280 ft. long and consists of 9 sections; 2 culvert heads 25.3 ft. long and 7 blocks 
each 32.8 ft. long. Sections are separated by expansion joints covered with impreg- 
nated paper, tar rope and lead strips. Walls and ceilings of box-shaped reinforced 
concrete structure are 3.5 ft. thick. Cross-section has 3 openings, 12.8 ft. square. 
Blast furnace slag cement with admixture of trass was used since groundwater con- 
tained aggressive agents. Composition was 1:0.15:3:3 cement, trass, sand and gravel. 
Interior and exterior were provided with 2 coatings of Inertol. Lower part of culvert 
was also protected by brick lining with cement-trass mortar facing. Unfavorable 
underground conditions and high groundwater made drilling of foundation wells 
difficult. Article pictures geologic character of site, progress of construction, hand- 
ling of materials, erection of forms, concrete mixing and placing and illustrates 
regulation of water flow, cleaning and maintenance of structure.—A. E. B 

Construction jobs of the German Waterway Commission (Reichswasser- 
strassen Verwaltung) in 1930. Garurs. Bautechnik (Germany), Jan. 9, 23, Feb. 
13, 27, 1931, V. 9, No. 2, 4, 7 and 9, p. 21-4, 47-51, 87-90, 114-8.—Author presents 
yearly report on Government construction jobs for enlargements, improvements 
and maintenance of German inland-waterways and sea structures (cf. Bautechnik 
(Germany), Jan. 10, 24, Feb. 7, 21, V. 8, No. 2, 4, 6 and 8, p. 21-5, 48-52, 78-82, 
114-8; Journat A. C. I., Nov. 1930, V. 2, No. 3, Abstracts p. 83). Among concrete 
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and reinforced concrete structures of interest are: (1) Lighthouse with reinforced 
pile foundation near Koenigsberg. (2) Concrete basin of ship elevator in Niederfinow. 
(3) Dam in valley of Saale river to regulate water flow in river Elbe. Total height of 
structure will be 213 ft. (4) Quay in river Elbe built by Contractor process (cf. 
Bautechnik (Germany), Feb. 21, March 7, 1930, V. 8, No. 8, 10, p. 109-12, 142-4; 
Journau A. C. I., Nov. 1930, V. 2, No. 3, Abstracts p. 83). (5) Reinforced concrete 
culverts and abutments of highway bridge. (6) Walls of large chamber of ship locks 
in Hamelin. (7) Repair work on weir in Weser river. Concrete showed deterioration 
due to sulphuric acid in water, abrasion by sand and gravel streams and cracks due 
to ice pressure. (8) Canalization project and locks in rivers Main and Neckar 
together with several power stations. (9) Hydro-power development and flood 
regulation of Rhine and Danube.—A. E. B. 

Application of welding method for construction of superstructures and 
bridges of reinforced concrete. Orro Bonpy. Zement (Germany), Aug. 20, 
1931, V. 20, No. 34, p. 781-4.—Several examples of practice show great field of appli- 
cation of welding of reinforcements or structural parts and steel members in reinforced 
concrete construction. (1) Clamps of reinforced concrete girders of roof of industrial 
plant (cf. Zement (Germany), June 1930, V. 19, No. 24, p. 565-7, March 5, 1931, V. 
20, No. 10; Journat A. C. I., Oct. 1930, V. 2, No. 2, Abstracts p. 42) are welded to 
longitudinal rods and nuts of bolts are welded to steel plates and flanges. Great 
rigidity is obtained. (2) Anchors of bridge foundations can be easily shortened or 
lengthened when changes in design become necessary. (3) Main application of 
method is for reinforced concrete arch bridges of ‘‘Melan” system. Reinforcements 
of bridge in Lauffen (Switzerland) with span of 98.4 ft. were welded together when 
bridge was released from load stresses, while concrete was placed when bridge was 
under normal load. (4) Typical example is reinforced concrete bridge 242.8 ft. long 
with several openings, in Victoria, Australia, where entire steel structure was welded 
together before being encased in concrete. (5) Welding of spiral reinforcements of 
reinforced concrete columns is treated in recent papers by Emperger (cf. Zeztschr. 
Oestr. Ing. u. Archit. Vereins (Austria), Apr. 17, 1931, V. 83, No. 15-16, p. 109-31; 
JourNAL A. C. I., Sept., 1931, V. 3, No. 1, Abstracts p. 15) and Saliger (cf. Bauin- 
genieur (Germany), Apr. 10, 17, 1931, V. 12, No. 15-16, p. 255-8, 282-6; Oestr. Bautzg. 
(Austria), Nov. 1, 1930, V. 6, No. 44, p. 723-30; Journat A. C. I., March 1931, V. 2, 
No. 7, Abstracts p. 192). (6) Several patented types of floor beams, Bauer system, 
are built in similar manner (cf. Zezitschr. Oestr. Ing. u. Archit. Vereins (Austria), June 
12, 1931, V. 83, No. 23-24). (7) Welded steel wire screens for road and roof construc- 
tion recently have been introduced in Germany (Ford plant in Koeln)’ (8) Different 
methods of welding and their proper use are briefly discussed.—A. E. B. 

Concrete in track elevation work placed in cold weather. L. W. Skov. Con- 
crete, Oct., 1931, V. 39, No. 4, p. 7-9.—Concrete placed in winter in widely separated 
track elevations for railways at Chicago was supplied by 3 mixing plants in convenient 
locations, each equipped with facilities for heating materials and with 2g cu. yd. 
mixer having oil-burning torch within drum. Three-wheeled gasoline-driven buggies 
hauled concrete as far as 2,000 ft. When wind resulted in concrete having tempera- 
ture of 38° F. after 114 min. mixing, discharge end of mixer was covered with canvas 
to shut off wind. Girders were warmed by kerosene torches ahead of concreting. 
Wooden frames supported on formwork were covered with tarpaulins to the ground 
completely inclosing space below slab. Canvas was held about 2 ft. away from the 
sides of the slab, so as to permit free circulation of air. In each inclosure 40 by 60 
ft., were 16 coke salamanders suspended 4 ft. below forms for viaduct slab. On top 
of slab 6 coke salamanders were placed, 3 along each side. Above the slab were 2 
kerosene-burning salamanders set near the longitudinal center line of the structure. 


C.B 
Roaps AND PAVEMENTS 


Concrete roads. Pranwi. Betonstrasse (Germany), Sept. 1, 1931, V. 6, No. 9, p. 
176-7.—Experiences with concrete roads in Germany, especially with automobile 
race tracks are sketched and great superiority of concrete as road building material 
is illustrated.—A. E. B. 

Mechanical equipment and arrangement of site of construction for Avus 
concrete road, Germany. Bryer. Betonstrasse (Germany), 1931, No. 7, 6 p.— 
Avus concrete road is German race track for testing automobiles. A 2.2 mile stretch 
of concrete road recently was finished and storage of structural materials, concrete 
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mixing and distribution, placing of road bed and finishing of concrete surface were 
of particular interest. Specially mentioned are road concreting machines.—A. E. B. 

The 7th main meeting of the Society for Study of Automobile Concrete 
Roads, from cr 4 31 to June 2, 1931. Betonstrasse (Germany), July 1, 1931, V. 6, 
No. 7, p. 153-4. yort includes paper by Brix on 6th International Road Congress 
in W hebthaton, D. ee ; by Orthaus on experiences in construction and maintenance 
of modern German concrete roads; by Schneevoigt on concrete road construction in 
Berlin and vicinity with a description of the Avus race track and other new concrete 
roads.—A. E. B. 


Analysis of costs for different types of pavements, without taking into 
account the freight or contractor’s profit. Magazine Tecnico (Argentina), 
April, 1931, p. 23-24.—-All costs are analyzed in detail for Buenos Aires and are as 
follows per cu. meter at site: Cement, $83.70; Eastern sand, $11.08; gravel, $19.32; 
river sand, $6.20; rubble, $19.84; Magdelene limestone, $12.90; paving stone per 
4: meter at the site, $22. 70. Pavements per sq. meter: Magdelene limestone, $6.32; 

agdelene limestone, paved on earth, $10. wo Menthe limestone, paved on sand 
$13.02; Magdelene limestone, paved on portla and cement concrete, $18.39; asphalt 
concrete per sq. meter, $11. 47.—C. G. C. anv M.N. 


Plant lay-out for concrete road construction. F. ANDERSON. Concrete Constr. 
Eng. (England), Oct., 1931, V. 26, No. 10, p. 596-600.—Size and type of plant used 
depends largely on size of job, while location and lay-out will be determined by 
nature of site. Plant lay-out is discussed for street work in towns and for new roads 
in open country. Points to note in considering possible layout are: (1) minimum 
man-handling of materials, (2) elimination of double-handling, (3) size of mixer such 
that one or a multiple of one bag of cement is required for each batch, (4) precaution 
against delay in delivery of materials by having cranes, elevators ete. of capacity 
greater than mixer, (5) reserve supply of materials to cover possible period of non- 
delivery, (6) ample supply of water for mixing and curing.—J. M 


The modern roads and equipment for road construction. ‘‘La strada 
moderna—Le macchine per i servizi stradali.’’, Eminio Goua. 1930, Ullrich 
Hoepli, Milano (Italy), 2nd completely revised _— 196 p. 44 illustrations. 
Reviewed in Betonstrasse (Germany), Sept. 1, 1931, V. 6, No. 9, p. 188.—Book gives 
general review of development of modern highway vcumenaamie describes suitable 
materials and compares economy and costs of various processes and road designs. 
Official Italian directions for construction and maintenance of concrete roads ure 
included.—A. E. B. 


Concrete road construction in Germany. ‘‘Betonstrassenbau in Deursch- 
land.”” HermMann Enveoetz. Editor: Allg. Industrie Verlag, x (Germ: my 55 
p., R.M. 3.00. Reviewed in Betonstrasse (Germany), July 1931, V. 6, No. 7, 157. 
—Short review of several road construction methods and different rd Roel nts of 
roads in United States and Germany is followed by illustration of modern state of 
concrete road construction in Germ: any, treating different processes of concreting 
road slabs, dimensions and spacing of expansion joints, selection of aggregates, road 
machinery and surface finishing. Book includes directions for testing concrete for 
road construction and for maintenance.—A. E. B 


Concrete pavement crosses peat bog on pile foundation. Concrete, Oct., 
1931, V. 39, No. 4, p. 31.—The Illinois Department of Highways has built a 40-ft. 
concrete pavement across a peat bog and supported it on 3 lines of creosoted piles 
32 to 42 ft. long, driven to a specified 18-ton a Piles were spaced 10 ft. apart 
under edge of slab and 5 ft. under center. A total of 106 42-ft. piles were required in 
intersection and 224 piles 32 to 42 ft. long in balance of job. Piles were capped by 
concrete beams 2 ft. deep and 21% ft. wide, reinforced with four 34-in. round > ars in 
both top and bottom. Tops of piles extend 9 in. into beams. Slab laid on beams was 
134% in. deep at sides and 174 in. at middle, reinforced with 1-in. square bars spaced 
6 in. 0.c. transversely, and Vein. square bars 12 in. 0.c. longitudinally.—C. B. 

About the placing and durability of modern cement macadam pavements. 
Von Mena. Betonstrasse (Germany), Sept. 1, 1931, V. 6, No. 9, p. 177-80.—Experi- 
mental road on highway between Stuttgart and Miinster (Germany) was made by 
Sandwich process. It consists of 2 in. layer of coarse broken basalt, 2 in. layer of 
cement-sand mortar (1:2 to 1:21) and 2 in. top layer of coarse broken "be isalt. Rhine 
sand of mortar contains 20 to 25% fines (0 to 0.04 in.). Consistency was plastic; 
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high early strength cement was used. Road slab, placed in 2 sections with longitu- 
dinal joint, was covered with wet sacks during first 8 da. and opened for traffic after 
10 da. Roads showed great durability — heavy traffic.—A. E. B 

A new concrete road - Holland. P. W. Scuarroo. Betonstrasse (Germany), 
July 1, 1931, V. 6, No. 7 147-9..—_New oo is 65.6 ft. wide with center 20-ft. 
concrete roadw: ay ‘and 8.2 ft. concrete road for bicycles and bridle path. Main slab 
has center joint and transverse joints spaced 26 to 49 ft. Slabs are 10 ft. wide and 
7 in. thick. Thickness of edges increases slowly to 9.8 in. No rigid connections 
exist between slabs, built in 2 layers. Bottom 4-in. layer is composed of 1 part 
portland cement, 2 river sand and 4 river gravel; 3-in. top concrete has composition 
1:1144:2% high es arly strength portland cement, river sand and broken rock. Expan- 
sion joints are 0.4 in. wide and filled with Celotex-bitumen compound in lower portion 
and asphalt emulsion in top. Composition of concrete was carefully and continu- 
ously examined. Mixing water was measured automatically. Concrete was placed 
with extreme care since underground had relatively low bearing power. Loam and 
clay strata were removed and filled in with sand which was kept sufficiently wet to 
prevent absorption of water from concrete mix.—A. E. B. 

Concrete road in Gleidingen, Germany. Hess. Belonstrasse (Germany), 
Aug. 1, 1931, V. 6, No. 8, p. 160-2.—Relief concrete road for congested highway 
system is 16.4 ft. wide. Subgrade consisted of loamy impervious soil which was 
partly removed and replaced by 3 in. layer of sand. Concrete road slabs are 26.3 
to 32.8 ft. long and consist of 6-in. bottom layer (containing 14 lb. cement per cu. ft.) 
and 2-in. top layer (containing 22 lb. cement per cu. ft.).. Ordinary portland cement 
was used. Both layers were placed within short time intervals and treated with 
compressed air hammers. Waterproofing agent was added to cement for short test 
slab to study its effect on durability.—A. E. B. 

Description of modern road construction methods. ‘Beschreibung der 
neuzeitischen Strassenbauweisen.’’ Published by Society for Roads in a 
-_ Lower Austria, R.M. 1.20. Reviewed in Betonstrasse (Germany), Sept. 1, 1931, 

. 6, No. 9, p. 188.)-—After having established uniform definitions for road <a 
i processes, Society presents tentative standard specifications for necessary 
structural materials, methods and applications. Bituminous materials, asphalt, tar, 
cement, concrete and waterglass are included. Special consideration is given to 
concrete road beds and bottom course concrete.—A. E. B. 


SHop MANUFACTURE 

Concrete stones for cemeteries. Zement (Germany), Oct. 15, 1931, V. 20, No. 
42, p. 929.-Efforts recently have been made to eliminate failures with concrete 
tombstones. Failures were chiefly due to improper working and surface finishing 
of concrete.—A. E. B. 

Modern water pipes. Marquarpr. Asphalt Teer (Germany), 1931, No. 29, 9 
p.- Manufacturing processes for water pipes are numerous. Historical development 
and advantages and disadvantages are outlined, especially spun reinforced concrete 
pipes and pipes with spun concrete or bitumen lining. Different types of pipe joints 
and fittings are described.—A. E. B. 

Oregon plant makes diversity of products. W. A. Scorr. Rock Products, 
Aug. 29, 1931. V. 34, No. 19, p. 71-72.—-Astoria, Ore., is practically a city of concrete 
structures. During rebuilding after fire there w: 1s a heavy demand for concrete 
building units. As this has lessened Astoria Concrete Products Co. has diversified 
its products and its best business is making concrete culvert pipe. Other products 
are drain tile, septic tanks, concrete trays for cooling milk, chimney block, grave 
markers and garden and lawn furniture. Aggregates are purchased.— E. 8S. 

The manufacture of —ee (asbestos-cement). Castner. Bautenschutz 
(Germany), May 5, 1931, V. 2, No. 5, p. 54-8.—Modern plant in Berlin-Rudow, 
Germany, built in 1930, a ee tures pipes, boards, corrugated boards and similar 
products from mixtures of cement and asbestos. Cement is delivered to stationary 
mixer by means of conveyor belt, sieved and measured by sacks. Composition of 
mix is usually 1 part of asbestos, 6 to 7 parts of cement and enough water to obtain 
consistency of cast concrete. Coloring materials are added if desired. Wet mixture 
is spread on continuous endless felt belt in 4% in. layer. Water is removed by suction 
device. Slabs are cut to standard sizes and piles of about 70 slabs are subjected to 
high hydraulic pressure to increase density and remove excess water. Hardening 
takes place in air storage. Pipes rolled on special machines are hardened under water. 
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Material has great mechanical strength, low specific gravity, high fire resistance, 
good insulating properties for heat, sound and electricity, great’ durability and 
resistance against weather effects.—A. E. B. 

The manufacture and use of cement fibre pipes. F. E. Onersaurat ANp 
H. C. Tecun. Magazine Tecnico (Argentina), May, 1931, p. 7-8.—Fibre cement 
under names Eternit, Italit, Ouralithe, Everit, etc., coming into extensive use, are 
composed of asbestos fibres and portland cement and possess good qualities for manu- 
facture of pipes. Everit, in particular, is made by using dilute mixture of cement, 
water and fibre. Mass is agitated and a cylindrical sieve in container picks up thin 
film of mixture and passes it along to felt belt from which it is deposited on a revolv- 
ing steel mandrel. When the coating is of proper thickness, tube so formed is with- 
drawn from steel mandrel and put on wooden mandrel. Tube is then placed in 
water to cure. Slow setting cement is used. There is apparently no contraction or 
cracking and tests show pipes are impervious to water under pressure. Cement 
fibre pipes have smooth inside surface and show considerably less friction loss than 
cast iron pipe. They have additional advantages of low weight and resistance to 
formation at dencslin that restrict flow.—C. G. C. ann M. N. C. 

Concrete products for street construction. G. Traups. Betonstrasse (Ger- 
many), July 1, 1931, V. 6, No. 7, p. 140-4.—Products of concrete brick industry are 
used for street construction. (1) Sidewalk slabs and curbstones are manufactured 
in various standard sizes. Smaller sizes are preferred which can be manufactured 
in winter and which are easy to handle. They have necessary roughness of surface, 
are free from dust and have great durability. Concrete mixture is prepared according 
to wear and requirements under traffic. Aggregates are granite, basalt, porphyry, 
quartzite or other hard rocks. Products are made in wooden or iron forms with 
earth-moist consistency (1:4 to 1:5). Units for special requirements are made with 
reinforcements. New type is combination of concrete and glass for night traffic 
signals. (2) Concrete posts for wooden and wire fences as well as parts for concrete 
walls are illustrated. (3) Many varieties of concrete drain pipes, pipes for electrical 
conduits, joints and collars in all sizes are manufactured. Field of application of spun 
reinforced concrete pipes and asbestos cement pipes is increasing continuously. 
(4) Concrete and reinforced concrete poles, lamp posts and traffic signals are very 

pular in Germany. (5) Concrete is used for advertising structures and signs, 
ountains, park benches, plastics and ornaments.——A. E. B. 

Specifications for hollow masonry building units. Dovuacnias E. Parsons. 
Am. Soc. Testing Materials Preprint, 1931, 12 p.—From analysis of published results 
of tests on large masonry specimens of clay hollow units, it was found that properties 
of units not considered by current specifications had marked influence on compressive 
strength of masonry. For end-construction masonry it appeared that proportion of 
gross sectional area of masonry bedded in mortar was important factor. In view of 
this it is suggested that specifications for hollow masonry units should take account 
of features of design of units likely to have influence on proportion of their sectional 
areas given a mortar bearing in masonry. Data pertaining to side-construction 
masonry indicate following geometrical properties of units have important effect 
on strength of masonry and hence should be considered in formulating specifications: 
(1) ratio of thickness of horizontal bearing shells to maximum span between vertical 
supports (shells and webs), and (2) features of design affecting the proportion given 
a. bearing at bed joints.—AuTHOR’s SyNopsis 

Profitable manufacture of concrete building units. Frep A. Sacer. Con- 
crete, Oct., 1931, V. 39, No. 4, p. 26-28.—Financial records will consist of ledger and 
combined cash ‘and journal book. The plant records will consist of a combined 
material and stock record and time book. In addition there will be kept in the files 
original delivery tickets and invoices for materials received and finished product 
shipped, and daily plant report. Entries in the plant records book are made from 
daily plant report and from copies of delivery tickets for finished product shipped. 
Provision is made for showing receipt and use of raw materials and supplies. Day’s 
output is expressed in number of block of each kind, and equivalent in 8-in. units, 
ond the same for the product yarded during the day. A graph shows the relation 


between the daily production and cost per unit for a given plant. On basis of payroll 
for 5 men and material costs and plant overhead, cost per unit produced varies from 
16¢ per unit with daily production of 500 units to 8.5¢ with daily production of 2,000 
units, showing that the production must be kept between 1,000 and 1,500 units in 
the interest of reasonable costs.—C. B. 
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MATERIALS 
ADMIXTURES 


Diatomaceous earth and its uses on construction. VY. CuHarrin. Constr. 
Ciment Arme (France), Oct., 1931, V. 13, p. 234-236.—Review of structural uses of 
diatomaceous earth in various countries with special reference to its use as admixture 
to cement.—M. A. C 

Trass mixed with pee cement and trass-portland cement. Gewap. 
Beton (Holland), 1931, No. 7 p.—-Setting process and chemical properties of 
portland cement are treated with regard to effect of admixtures of trass to portland 
cement upon setting properties and durability. Certain type of trass-portland cement 
has advantages for special work.—A. E. 

AGGREGATES 

Turns out batched aggregate at power cost of one cent per ton. Pit and 
Quarry, Nov. 18, 1931, V. 23, No. 4, p. 64-5.—At Linden, N. J., plant of P. W. 
Lambert and Co., Inc., crushed stone, sand and gravel are received by barge on 
480-ft. dock frontage along Rahway river. A traveling crane unloads and delivers 
cargoes to stockpiles, eleven 150-ton bins for supplying truck-loads, or to two 2-com- 
partment batcher bins also for truck service. A 4-compartment, 300-ton bin and 
batcher with scales prepare dry batches for transit-mixed concrete, while n 3-cu. yd. 


mixer prepares wet concrete. Delivery is by 10 trucks, 7 being mixers.- J. H. 
Important properties of the high-quality cements for reac a jobs 
and the prevention of frequent mistakes when using them V. GRONow. 


Deutsche Tiefbauztg. (Germany), 1931, No. 34, 3 p.—Brief review of development and 
manufacture of high early strength cements includes description of their chemical 
and physical properties. Special consideration is given to their application for 
foundation work. Mistakes often made with these special cements are pointed out 
and suggestions for their prevention given.—A. E. B. 

«eels pa cements patented by E. Martin. Ciment (France), 
Oct., 1931, p. 354.—E. Martin claims that reactions taking place during calcination 
and setting Mi cement can take place with calcination at much higher temperatures. 
Alumina and iron oxide, acting as bases and forming salts at lower temperatures, 
become strongly acid under high temperatures of calcination resulting in ferrites, 
aluminates and ‘‘complexes” of the two. In presence of free lime complex lime- 
silico-aluminates and silico-ferrites are produced capable of hydration, hydrolysis and 
carbonation. According to author, theory attributing setting of portl: ind cement to 
formation of tricalcium-silicate and tricalcium-aluminate is, if not radically wrong, 
at least not well-grounded. Special cements, ‘‘ferro-aluminous,”’ patented by E. 
Martin are not attacked by sulfate solutions, as proven by numerous tests.—M. A. C. 

Analysis of standard cements. H. Burcuartz. Zement (Germany), Nov. 12, 
1931, V. 20, No. 46, p. 987.—Objections to and suggestions concerning proposed 
standard procedure for analysis of normal cements (cf. Zement (Germany), March 
19, 26, 1931, V. 20, No. 12-13, p. 258-60, 290-2; JournaL A. C. I., June, 1931, V. 2, 
No. 10, Abstracts, p. 277; Zement (Germany), May 28, June 4 , 1931, V. 20, No. 20, 23, 
p. 519, 541; Journat A. C. I., Oct., 1931, V. 3, No. 2, Abstracts, p. 27) were con- 
sidered and examined by Sub-Committee at Laboratory of Society of German 
Portland Cement Manufacturers in Berlin-Karlshorst and Federal Institute for 
Testing Materials at Berlin-Dahlem. Changes were made only in directions for 
determination of alkalies. They are determined as chlorides when only total alkali 
is wanted; perchlorate method is applied for determination of potassium.—<A. E. B. 

Fundamental questions of cement hardening important for concen 
road construction. Heinricu Lurrscuirz. Baulenschutz (Germany), Nov. 5, 1931, 
V. 2, No. 11, p. 121-8.—Modern theories of hydration and hardening of aa 
cement are divided into 2 chief groups. Newberry and Le Chatelier consider tri- 
calcium silicate as chief constituent of portland cement clinker and Zulkowski and 
Michaelis attribute chief properties to dicaleium silicate and aluminates. Author 
made efforts to correlate chemical composition of cements with their strength proper- 
ties. Roles of lime and silica are explained. Question of particle size and grading of 
aggregates is critically examined and theory is derived on internal structure of 
hardened cement and concrete. Special « consideration is given to shrink: ge and 
swelling of cement. Conclusions are drawn for favorable aggregate composition for 
concrete roads. Effect of temperature on shrinkage is pointed out. Expansion of 
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cement-water mixtures was studied with rubber balls filled with these pastes. Water 
rising in capillary tubes showed expansion and shrinkage (internal forces) of set 
cement samples.—aA. E. B. 

Studies on hydration of cements. Part 7. Hydroexpansion of cement 
grains. Tosaku YosuHioka, Kunitsuagu KuMAGAE AND Hiroo Iisima. Kogyo 
Kwagaku Zasshi, J. Soc. Chem. Ind. (Japan), Oct., 1931, V. 34, Supplemental binding, 
No. 10, p. 408B.—Expansion of cement grains during hydration amounts to 
50% of original grain volume when calculated from specific gravities of material 
before and after hydration. Contraction of 15 various cement samples was examined 
using Gessner’s method (cf. Kolloid Zeitschr. (Germany), 1929, V. 47, p. 65) over 
period of 30 weeks with excess water at constant temperature of 77° F. Swelling takes 
place rapidly at first during early hydration process and becomes gradually slower but 
still continues after 30 weeks. General tendency of expansion is similar for different 
cements but is of different magnitude. Hydroexpansion was also found with water 
granuiated blast furnace slag in lime water.—A. E. B. 

Improvement of the strength of cement. Tosaku YosHi0oKA AND Hrroo 
Insmma. Kogyo Kwagaku Zasshi, J. Soc. Chem. Ind. (Japan), Oct., 1931, V. 34, Supple- 
mental binding, No. 10, p. 409B.—Based on experimental evidence authors claim 
that strength of 1:3 cement mortars can be improved by using portland cement with 
5% to 20% admixtures of inert materials mm as crystalline limestone, clays, etc., 
instead of pure cement. Materials must be extremely fine. Improvement is due to 
delayed hydroexpansion of cement grains and is explained by this theory. Fine void 
is considered to play important role in absorbing and rendering harmless breaking 
power exerted by expanding cement grains. Self-disintegrating action of pure cement 
is lessened by admixtures.—A. E. B. 

Hydration of calcium aluminate in portland cement. Katsuzo KoyanaaI. 
Zement (Germany), Nov. 5, Nov. 26, 1931, V. 20, No. 45, 48, p. 968-73, 1016-21.- 
Previous investigators of hydration process of cement claim existence of 4 calcium 
hydroaluminates: 2CaO.Al,0;.7H.O, 3CaO.AlO;.XH,O, 3.75CaO.Al,0;.12H.O and 
4CaO.Al,0;.XH.O. Author succeeded in preparing large amounts of relatively pure 
calcium hydroaluminate from technical portland cement clinker and examined its 
microscopic properties and chemical composition. Fine ground air separated clinker 
(30 to 60 microns) was mixed with from | to 10 times its weight carbon dioxide free 
water on microscopic slide and protected with paraffin. Hydration process was 
studied under microscope. Short thick needles, formed during first minutes, changed 
into thin hexagonal plates identified as calcium aluminate by coloring method. During 
later periods hexagonal columns of calcium hydrate appeared with embedded clinker 
grains. Formation of above described calcium aluminate and calcium hydrate depend 
upon chemical composition of clinker. Solubility of calcium and alumina of clinker 
with varying amounts of uncombined lime were determined. Under very carefully 
controlled conditions a calcium hydroaluminate was isolated chemical composition 
of which was 3Ca0O.Al,0;.10.5H,O. Calcium aluminate of portland cement clinker 
goes first into solution, combines with lime and then crystallizes as tricalcium hydro- 
aluminate of above composition. (ef. Kogyo Kwagaku Zasshi, J. Soc. of Chem. Ind. 
(Japan), Aug., 1931, V. 34, Supplemental binding, No. 8, p. 294-8B; JournaL A.C. I., 
Nov., 1931, V. 3, No. 3, Abstracts, p. 52.) Effect of gypsum upon formation of hydra- 
tion products was studied and calcium sulphoaluminate was isolated from technical 
portland cement clinker. Optical properties and chemical composition were de- 
termined. Formation of fine crystal needles increased with increasing gypsum co- 
tent; rate of formation of thick short prisms and thin plates of calcium hydroaluminate 
was affected by gypsum. Final conclusions are: During hydration of portland cement 

psum combines with calcium aluminate of cement and forms calcium sulpho- 
aluminate of composition: 3CaO.Al,0;.3CaSO,.32.6H,O. Calcium sulphoaluminate 
with less than 3 molecules of gypsum is not formed when portland cement is hydrated. 
Calcium sulphoaluminate in solution decomposes into gypsum and calcium alu- 
minate.—A. E. B. 

Requirements of controlling devices of a modern cement plant. H. Her- 
TEL. Zement (Germany), Oct. 29, 1931, V. 20, No. 44, p. 953-5.—Several suggestions 
are given for installation of switches and fuses for cement mill motors (cf. Zement 
(Germany), Aug. 13, 1931, V. 20, No. 33, p. 764-7), also new type of fuse box, de- 
veloped by Siemens-Schuckert, Germany.—A. E. B. 

Ring roller mills and mill drying. H. Lancer. Zement (Germany), Oct. 15, 
1931, V. 20, No. 42, p. 918-21.—Pulverizing unit of Loesche mill consisting of 3 to 4 
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stationary rolls forced by means of heavy springs against a horizontal revolving steel 
ring, is employed chiefly for grinding moist cement raw materials and coal. Materials 
are dried during grinding ag by hot air usually drawn from clinker coolers. Air 
separation of fine materials is obtained at same time in collector unit connected to 
mill. Data are furnished on Loesche mill for preparation of powdered coal for heating 
of dryer and for powdered coal firing of rotary kiln.—A. E. B 


The foundation of the reactions in the solid state and their importance 
for the manufacture of cement. WILHELM JANDER. Zement (Germany), Oct. 22, 
29, 1931, V. 20, No. 43-44, p. 936-9, 951-3.—After a review of modern research in 
study of constitution of portland cement clinker and reactions during burning process, 
theory is advanced subject of which is interatomic movements and reactions in solid 

hase. Special apparatus was used for observation of heat tones and partial pressures 
in chemical reactions of clinker constituents. Speed of reactions was studied in 
systems giving off gaseous phase in especially designed apparatus. Results of those 
experiments showed good agreement with theoretical considerations when certain 
conditions (similarity in particle size and surface structure) were fulfilled. Effect of 
preparation of reacting materials, presence of impurities or admixtures and presence 
of water vapor upon reactions were carefully examined revealing great sensitivity of 
systems.—A. E. B. 

Portland cement with highest possible lime content. M. Hess. Zement 
(Germany), Oct. 1, 8, 1931, V. 20, No. 40-41, p. 882-4, 904-7.—Based on practical 
experiments with portland cement clinkers burned in laboratory kiln, author claims 
that “degree of lime saturation,” developed by H. Kuhl (cf. Zement (Germany), 
Feb. 5, April 9, 16, 1931, V. 20, No. 6, 15, 16, p. 123-5, 338-40, 360-2; Journat A. C. 
I, June, 1931, V. 2, No. 10, Abstracts, p. 276, 283) gives excellent measure for prepara- 
tion of clinker with highest possible lime content and favorable strength properties. 
With degree of lime saturation up to 100 per cent sound cements are produced. Small 
amounts of lime can be taken up above 100% but tendency of formation of unsound 
cements appears. Slightly changed formula for degree of lime saturation is sug- 
gested and advantages of its use are emphasized.—A. E. B. 


Portland cement with highest possible lime content. D. Sremer. Zement 
(Germany), Oct. 29, 1931, V. 20, No. 44, p. 950-1.—Author discusses paper by Hess 
(ef. Zement (Germany), Oct. 1, 8, 1931, V. 20, No. 40-41, p. 882-4, 904-7) and agrees 
with him as far as theoretical considerations are concerned but criticizes their prac- 
tical application. Experiments conducted in similar manner as Hess proposes with 
rotary kiln of wet process plant showed greater fuel consumption, less kiln efficiency, 
decreased steam production, increased costs for mixing and stirring of slurry and 
difficulties in slurry filtration.—A. E. B 


The hardening problem of portland cement. Hans Kiint. Zement (Ger- 
many), Oct. 1, 1931, V. 20, No. 40, p. 887.—-Continuing polemic between Tippmann 
and Kiihl (cf. Zement (Germany), Aug. 20, 1931, V. 20, No. 34, p. 774-81) concerning 
hardening process of portland cement, existence of an amorphous modification of 
calcium hydrate of definite chemical composition is questioned. Well known fact 
that calcium hydrate and silica form, when mixed with saturated lime water, a 
calcium hydrosilicate, prohibits hydrolysis of calcium silicates of portland cement to 
uncombined calcium hydrate and uncombined silica when saturated lime water is 
present. This statement can not be shaken by fact that constitution of calcium 
hydrosilicate is not yet exactly known.—A. E. B. 


The question of setting and hardening of cement. C. R. PLatzMANnn. Ze- 
ment (Germany), Oct. 8, 1931, V. 20, No. 41, p. 903.—Author criticizes paper by 
A. C. Davis on Setting and Hardening of Portland Cement (ef. Cement and Cement 
Manuf. (England), Aug. 1931, V. 4, No. 8, p. 893-9) which chiefly discusses erystal- 
lization theory and does not give sufficient consideration to colloidal hardening 
theory and work of Michaelis, Kihl and others. He furthermore attacks statement 
that slag cements are inferior to other cements on account of their higher sulphide 
content. He describes development and high standing of German Eisen-portland 
cement and blast furnace slag cement industry and illustrates advantages of these 
cements especially for sea water structures.—A. E. B. 


Is there any mystery about producing quick-hardening cement? AMAN 
Moore. Pit and Quarry, Nov. 4, 1931, V. 23, No. 3, p. 66-67.— Writer denies there is 
any secrecy concerning proportioning of 3 atoms of lime to 1 atom of silica to form 
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tricalcium silicate, 3 atoms of lime to 1 atom of alumina to form tricalcium aluminate, 
and of lime with both iron and alumina to form calcium ferro-aluminate. Dicalciums 
must be eliminated as completely as possible. Perfect cement clinker can be made at 
a single burning only in long kilns with soaking zones. Writer prefers ‘‘near perfect”’ 
to “quick hardening.’ Tables of cement analyses are given for: 7 portlands, 3 white 
portlands, probable constituents of 7 brands of portlands and of 3 brands of white 

rtlands, tricaleiums in 10 brands of portlands, and ratios of iron-alumina to silica 
in 10 brands of portlands.—A J. H. 

Electrical precipitator installed at Buffington, Ind. plant of Universal 
Atlas Cement Co. Pit and Quarry, Nov. 4, 1931, V. 23, No. 3, p. 51-54.—New 
Cottrell installation is largest of 42 installations in cement industry, its capacity being 
1,050,000 cu. ft. of gas per min. Graded-resistance principle is employed, no mechan- 
ical agitation or rapping of collectors being necessary as dust falls free due to its 
accumulating mass. The 960 collecting electrodes are concrete slabs 6 ft. 6 in. wide, 
12 ft. 4 in. high, and 2 in. thick, reinforced with 3¢-in. steel rods connecting with each 
slab’s enclosing steel frame. Frames are grounded on the steel structural framework. 
The 5,400 negative electrodes are soft-steel wires suspended at 6 in. intervals between 
slabs and held taut by weights. Current is at 50,000 v. The precipitator building 
comprises five double-passage, double-deck units. Dusts and gases from all depart- 
ments of the great plants are handled. The reinforced-concrete stack is 350 ft. high 
with inside diam. of 15 ft.—A. J. H. 

Manufacture high-strength cement in modern vertical kilns. AvaustTo 
Bugs. Concrete, Oct., 1931, V. 39, No. 4, p. 62-65.—Prior to reconstruction, 3 kilns 
of Fabrica de Cemento Goliat had a diameter of 11 ft. 6 in., and a height of only 26 
ft. 3 in. It was necessary to increase the height of the kilns by 14 ft. 9 in. without 
interruption to operation. The second and third kilns were being operated in their 
original condition while the first one was being increased in height. Upon completion, 
the first one produced normally 100 tons of clinker daily, or twice as much as formerly, 
and reconstruction of the other two units was begun. Each kiln has individual drive 
and discharge is automatic. Clinker is absolutely uniform in its calcination.—C. B. 

Major dust losses in dry process cement plant operation. ALTON J. BLANK. 
Concrete, Nov., 1931, V. 39, No. 5, p. 49-52.—In drying raw cement materials in 
rotary dryer from 2% to 10% of the original material fed into dryer is carried out 
by waste gases, depending upon: (a) Size of the material fed into dryer; (b) physical 
characteristics and specific gravity of material; (c) moisture content of materials; 
(d) length and diameter of dryer; (e) manner in which materials traverse length 
of dryer; (f) speed of dryer; (g) draft at rear end; and (h) temperature of waste dryer 
gases. In new installation of kiln and dryer studied by writer, dust chambers were 
designed to reclaim dust, that escaped with waste gases, and study of results over a 
period of months has shown them to be highly efficient. Study of both dryer and kiln 
dust chamber installation costs, when compared with savings in reclaimed dust, 
shows that these dust chambers pay for themselves after only a few months’ opera- 
tion.—C. B 

Canadian cement ships with pneumatic transportation systems. Schweiz. 
Bauztg. (Switzerland), July 11, 1931, V. 98, No. 2, p. 26.—A new special cement ship 
“Cementkarrier” has been put into service by Canada Cement Transportation Co., 
between cement plants on Canadian shores of Great Lakes and warehouses and 
packing plants. Canadity is 2300 tons of cement in bulk in 6 well protected moist- 
proof bins. Cement is discharged into central tunnel equipped with scraper which 
delivers it to suction chamber. Fuller-Kinyon pump system unloads entire charge 
in 4 hours. (cf. Genie Civil (France), May 9, 1931, and Rock Products, June 6, 1931, 
V. 34, No. 12, p. 25-34.)—A. E. B. 

The development of the Spanish cement industry. Rupo_tr Deckert. 
Zement (Germany), Oct. 29, 1931, V. 20, No. 44, p. 963-4.—Continuous increase in 
capacity and production of Spanish portland cement mills during years from 1921 to 
1930 was followed by drop of 17% in production after recent revolution due to stop 
of domestic building programs. At present 25 mills are in operation and 2 under con- 
struction.—A. E. B. 

The Swiss portland cements and their concrete in the laboratory, at site 
of construction and in the structures. M. Meyer anp M. Ros. Schweiz. 
Bauztg. (Switzerland), June 27, 1931, V. 97, No. 26, p. 332-4.—Paper illustrates tasks 
of cement and concrete testing laboratory. Comprehensive investigations of elastic, 
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mechanical, chemical, physical and petrographic properties of structural materials, 
especially cements are basis for comparison and allow conclusions for their behavior 
in field. Standard specifications for portland cement, plain concrete, reinforced con- 
crete from ordinary and high quality cement are listed and compared with specifica- 
tions of France and Germany. Construction control at site and in laboratory is 
discussed. In a number of buildings where tests were made after completion of 
~~. in every case full agreement with calculated figures was obtained.— 
A. E. B. 

Facts about Russian cement plants told by American engineer. Concrete, 
Nov., 1931, V. 39, No. 5, p. 53-56.—Russia has many deposits of materials for making 
high class cement at reasonable cost. Geological surveys were made of all favorable 
plant sites by central organization designed to carry on all geological investigations. 
Chemical analysis and geological structure of all samples are determined in central 
laboratories in Moscow. Two distinct organizations are maintained in plant opera- 
tion, the operating personnel and socalled social organization. Money being expended 
is producing small increase in production. Machinery is being worn out about as 
rapidly as new equipment is being installed. Actual quality of cement manufactured 
is highly questionable.—C. B. 

New German cement plant gets its raw materials by water route. D. E. 
Peres. Pit and Quarry, V. 23, No. 2, Oct. 21, 1931, p. 28-30.—New 1100-ton works 
at Neuwied, on Rhine river, is owned by Wickingsche Portland-Zement und Wasser- 
kalkwerke Akt. Ges. of Munster-i.-W. Stone is quarried at Oppenheim, crushed, 
conveyed to dock-bins, transported by boats. Clay is dug near Koblenz, made into 
slurry, piped to a tank-ship and transported. At the plant, stone is unloaded by a 
revolving dock-crane into electric overhead-conveyor car and placed in storage. 
Slurry is pumped ashore to storage. Raw grinding is wet. Kilns are 207 ft. long 
and burn pulverized coal.—A. J. H. 

The history of high quality cements. A. KLEInLOGEL. Zement (Germany) 
Oct. 15, 1931, V. 20, No. 42, p. 921-2.—First special cement made in Germany was 
“Bridge” cement, manufactured by portland cement plant in Blaubeuren in 1880, 
which was distinguished by better burning and finer grinding. Fineness was: no 
residue on 75 mesh sieve and 10 to 12% residue on 175 mesh sieve. It was used for 
concrete bridges and special construction work.—A. E. B. 

MISCELLANEOUS 

Properties and uses of sodium silicate. EuGene Lemaire. Genie Civil 
(France), Nov. 14, 1931, No. 20, p. 502-505.—Manufacture, properties and uses of 
sodium silicate are reviewed with special reference to composition of pulverized 
materials added to sodium silicate to produce anti-acid cement. Properties of such 
cements are discussed and precautionary measures to be followed in dealing with them 
are appended.—M. A. C 

Tests of integral and surface waterproofings for concrete. C.H. Jumper. 
J. Am. Conc. Inst., Dec., 1931, V. 3, No. 4, Proc., V. 28, p. 209-242.—Tests were made 
at the Bureau of Standards to supply information on relative merits of many newly 
named integral and surface waterproofings for concrete, supplementing work pub- 
lished by the Bureau in 1911. Several hundred specimens were made using concrete 
mixes varying from 1:1:5 to 1:4:6 with varying w/c ratios and gradings of sand and 
gravel for each mix. A 1:3:6 mix was best suited to laboratory requirements. Some 
integral agents give ease of placing tending to prevent segregation, some render con- 
crete water-repellent and some might act to reduce voids through swelling of hy- 
drated cement. Some had merit and others were valueless. Autogeneous sealing of 
slightly leaking concrete, an effective means of obtaining watertightness, seems in- 
dependent of waterproofing agents. The simpler materials bought in open market 
are as effective as any. Some transparent coatings gave good results. In case of 
leakage due to settlement or shrinkage cracks, coatings tending to seal autogeneously 
are preferred.—D. F. J. 


PROPERTIES OF CONCRETE 
The plastic changes of the form of concrete. E. Suenson.  IJngenioren 
(Denmark), 1931, No. 30, 2 p.—Report is given on experiments carried out to obtain 


information about plasticity of several different concrete mixtures, with suggestions 
for proper application.— A. E. B 
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Experiments to fill cracks of reinforced concrete structures. Tiefbau (Ger- 
many), 1931, No. 69, 1 p.—Causes and development of cracks in reinforced concrete 
are discussed and experiences with cement mortar and other waterproof filling ma- 
terials are cited. Suggestions for their application are included.—A. E. B 

Seamless surface mortar coatings. RicHarp Grun. Zeitschr. fuer angew. 
Chemie (Germany), Sept. 19, 1931, V. 44, No. 38, p. 771-4.—Effect of weather and 
wear upon several types of floor and wall facings is pointed out and Torkret concrete 
pump, and mortar spraying methods are described. Cracks in coating can be pre- 
vented by using lean mixtures with small tendency of shrinkage, avoiding too large 
surfaces, and reinforcing of protective layers. Effect of water, frost, gases and dirt 
are important, and waterproofing methods described.—A. E. B. 

Characteristic discolorations and disintegration phenomena on walls. 
RoMAN GrenaG. Schweiz. Bauztg. (Switzerland), May 9, 1931, V. 97, No. 19, p. 
235-9.—A number of structures show signs of destruction by atmospheric conditions 
and aggressive waters. Efforts are made to classify such phenomina. Two main 
groups: discoloration and disintegration were observed. Suggestions for prevention 
of corrosive actions are given.—A. E. B 

Durability tests of concrete. H. F. Ctemmer. Canadian Eng., Oct. 20, 1931, 
V. 61, No. 16, p. 13.—In manufacture of concrete for pavements every care should be 
used (1) to control the mixing water, (2) use well graded aggregates with maximum 
amount of coarse, and (3) guard against use of unsound aggregate such as absorptive 
chert. Most important factor affecting durability is quality of cement paste. Dur- 
ability increases with density. Use of vibrators permits use of drier consistencies and 
will consequently increase durability. Failure due to freezing and thawing may be 
minimized by freezing and thawing tests of aggregates as well as concretes made with 
same aggregates. Shrinkage during setting period of cement controls to a large 
extent quality of resulting concrete. Tests with calcium chloride used integrally 
indicate that it retards hydration of tri-calcium aluminates and hastens that of 
tricalcium silicates, thereby preventing hair cracking and shrinkage. Repeated 
loadings up to 50% of ultimate strength may result in fatigue failure. Internal 
stresses set up by temperature and moisture changes when combined with loading 
stresses may result in failure—G. M. W. 

Durability and strength of bond between mortar und brick. A. PALMER 
AND J. V. Hau. Bureau Standards J. Research, March, 1931, V.6, No. 3, p. 473-92. 
Purpose of investigation was to obtain data as to: relation between durability and 
strength of bond, effect of type of brick upon durability and strength, effect of shrink- 
age of mortar upon life of bond, effect of loads upon bond, different behavior of 2 
masonry mortars (1:3 portland cement—sand and 1:1:6 hydrated lime—portland 
cement—sand) and effect of wetting of bricks. Experiments were made with about 
1,300 brick-mortar samples including 5 different makes of brick and 2 different mor- 
tars. Durability was measured by alternate freezing and thawing. Loading of units 
during weathering tests increased their durability 100%. Failures of bond were 
not due to disintegration of either brick or mortar. Satisfactory bond is obtained 
between dense impervious brick and mortar. Porous brick in general give slightly 
higher strength of bond than impervious brick.—A. E. B. 

The dependence of technically important properties of concrete upon the 
physical-chemical properties of the cement. Part I. Donovan WERNER AND 
Stic Grertz-Hepstrom. Zement (Germany), Nov. 12, 19, 1931, V. 20, No. 46-47, p. 
984-7, 1000-6.— First experiments of comprehensive physical, chemical and technical 
investigation of concrete were made with hardened cement. Ability to combine with 
water is considered most important property of cement and earlier physical-chemical 
research data are reviewed. Ordinary methods were used to determine compressive 
and tensile strength of specimens with known combination with water. Special 
methods were derived for measurements of modulus of elasticity, shrinkage and water 
permeability. Empirical relations exist between these physical properties and water 
combination ability; they seem to be independent of canes composition, age aid 
water content. Well known relation between w/c ratio and en strength 
was confirmed. (cf. Teknisk Tidskrift (Sweden), April 25, 1931, V. 61, No. 17, p. 
45-53.)—A. E. B. 

Contribution to the question of the soft core in concrete. Karu Brause- 


WETTER. Bautenschutz (Germany), Nov. 5, 1931, V. 2, No. 9, p. 106-12.--Soft core 
in concrete is sometimes caused by insufficient drying process of concrete. For its 

















ABSTRACTS January, 1932 107 


prevention are suggested: accurate observation of directions of construction tests, 
careful grading of aggregates, amount of mixing water and suitable selection of 
cement. Sufficient aeration and removal of forms without delay are also necessary. 
—A. E. B. 

Mathematical theory of elasticity of concrete. Enrico VoLTerRA. Genie 
Civil (France), Oct. 17, 1931, No. 16. Paper presented at last convention of 
the New International Association for Testing Materials, Zurich, September 6 to 
12, discusses application of elastic theory to conglomerate materials containing 
inelastic bodies, such as concrete. In — this problem, one is led to a com- 
parative study of theory of elasticity and that of potential electricity, where rigid 
bodies surrounded by elastic medium are analogous to electric conductors immersed 
in dielectric medium. Conductor corresponds to particles of aggregate, dielectric 
medium to cement, constant charge of conductor corresponds to displacements of 
rigid particles. Applying Betti’s theorem of reciprocity, one may deduce conditions 
correlative to those of electrostatic induction. Making use of Poisson’s and Mossotti’s 
formulas for magnetic and dielectric induction, one may derive formulas expressing 
behavior of rigid spheres in an elastic medium.—M. A. S. 

Light-weight structural materials for skeleton structures. A. HuMMEL. 
Zeitschr. fur angew. Chemie (Germany), Sept. 19, 1931, V. 44, No. 38, p. 768-71.— 
Author lists various light structural materials and gives special emphasis to light 
concrete. Weight per cu. ft. of concrete can be lowered by using light aggregates 
(pumice, technically produced pumice, thermosit, synthoporit, etc.) and by artificially 
increasing porosity with suitable gradings (more coarse than fine fractions) and ad- 
mixtures of gas developing materials, such as calcium or aluminium powder. Same 
effect is obtained with easily melting admixtures (snow or ice) and foam producing 
materials. Physical and mechanical properties of several types of light concretes are 
notable, especially volume changes. Proper proportioning of aggregates and placing 
of concrete is of fundamental importance (cf. Zement (Germany), April 16, May 7, 
14, 1931, V. 20, No. 16, 19, 20, p. 372-4, 442-5, 476-7; Journau A. C. I, June, Oct., 
1931, V. 2, 3, No. 10, 2, Abstracts, p. 274, 26).—A. E. B. 

Light concrete in the practice. Investigations on dwelling houses made 
of light concrete. F. ScHNEIDER-ARNOLDI. Zement (Germany), Sept. 10, 17, 24, 
1931, V. 20, No. 37-39, p. 840-2, 858-60, 871-5.— Purpose of investigation was to study 
special precautions necessary at site of construction when light weight concrete is 
used and to compare economy of this construction method with other known methods. 
Physical and mechanical properties of pumice and volcanic lava used as aggregates 
are described. Lava aggregate is used in lower stories and pumice for upper stories. 
River sand is added for economic reasons. Greater compressive strength in columns 
can be obtained by richer mixtures and additions of gravel. Tests revealed best and 
most economic composition of plastic and earth-moist concrete. Of greatest im- 
portance is correct proportioning of mixing water. A grading from 0.2 to 1.4 in. is 
most practical. Several different cements were studied for their suitability for light 
weight concrete (blast furnace slag cement and portland cement—trass mixtures). 
Empirical method, developed by R. Griin, was used for determination of heat in- 
sulating properties. Concrete was poured in “Rapid” type molds which have special 
advantages for this kind of work. Charts show costs of structural materials, concrete, 
forms and labor.—A. E. B. 

German Reinforced Concrete Committee Heft 63. Orro Grar. 1930, Wm. 
Ernst and Sohn, Berlin, Germany. Reviewed by Doldt in Beton u. Eisen (Germany), 
Sept. 5, 1931, V. 30, Heft 17, p. 320.—Report covers experiments made in 1929 and 
1930 on selection of proper aggregate, tests of cubes of various sizes, influence of test 
procedure, predetermination of concrete strengths. Sieve curves present chief results 
of study of factors affecting concrete strength. Tests with cubes smaller than stand- 
ard 20-em. (8 in.) size led to conclusion that a 10 or 12-em. (4 or 454-in.) size may be 
used but should show a 10% higher strength than that required in standard cube. 
. re oneem of cube and cylinder as test form was decided in favor of cube.— 
A. A. B 

German Reinforced Concrete Committee Heft 64. H. Burcuarrz. 1931, 
Wm. Ernst & Sohn, Berlin, Germany. Reviewed by Kleinlogel in Beton u. Eisen 
(Germany), Sept. 5, 1931, V. 30, Heft 17, p. 320.—Investigation of behaviour of 
cements and protective coatings for concrete in moors. Supplement: Guide for 
concrete construction in moors, moor water or similar waters. This presents the 
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report of the special committee published in 1931. The strength of cement used is 
no gauge of resistance of concrete to attack of moor water. Slabs with and without 
protective coatings were examined after 24, 4 and 7 years immersion. Rich mixes 
showed up better than lean. In both mixes a definite destructive effect was evident 
after 244 years but after 7 years no further decomposition of richer concrete was 
noted. Various tar, asphalt, and other coatings yielded no very favorable results. 
The coatings found a firmer grip on rough surfaced slabs but after 7 years all those 
tested had either entirely or partly disappeared, leaving only occasional spots of good 
concrete. Importance of a dense concrete is brought out. If this cannot be attained, 
foreign substances should be used as admixtures ténding to promote density rather 
than as protective coating.—A. A. B. 

The corrosion of cement. A. DEUBEL. Zeitschr. fur angew. Chemie (Germany), 
July 11, 1931, V. 44, No. 28, p. 589-90.—In scientific investigations of corrosion 
phenomina on cement and concrete 12 factors must be taken into consideration: (1) 
chemical composition of cement, (2) cement fineness, (3) proportioning and grading 
of aggregates, (4) density and porosity, (5) w/c ratio, (6) treatment of cement during 
early period of mixing, (7) time of storage before exposure to aggressive solutions, (8) 
type of aggressive solutions, (9) concentration and amount of effective chemicals, (10) 
surface exposure and number of test specimens, (11) temperature of aggressive 
solutions and (12) type of storage of test specimens in aggressive solutions. Results 
by Probst and Dorsch (cf. Zement (Germany), March 7, 14, Sept. 5, 1929, V. 18, No. 
10, 11, 36) are discussed. Investigations included ordinary and high early strength 
portland cements, portland cements with low alumina content, blast furnace slag 
cement, portland jura cement and high alumina cement. Aggressive media were 
15% solutions of ammonium sulphate, sodium sulphate, magnesium sulphate and 
sugar, 10% solutions of aluminium sulphate, magnesium sulphate, barium chloride, 
sodium hydroxide and saturated gypsum solution. Resistivity of cements ranges in 
following order from low to high: high early strength portland cement, portland 
cement, low alumina portland, blast furnace slag cement, portland jura cement and 
high alumina cement. First one was attacked after 3 days while latter showed no 
signs of deterioration after 700 days.—A. E. B. 

The physical properties of cast stone. JoHN Tucker, Jr., G. W. WALKER 
AND J. ARTHUR SWENSON. J. Am. Conc. Inst., Dec., 1931, V. 3, No. 4, Proc., V. 28, 
p. 243-264.—Results of tests made as a basis for preparation of a Federal specification 
or cast stone are reported. Samples representative of all the usual methods of 
fabrication, including use of a wide variety of aggregates were studied. Compressive 
strengths varied from 1,550 to 21,720 p. s. i. and 48 hours absorption varied from 
2.0% to 13.1%. Resistance of material to freezing and thawing varied from 
complete destruction of least resistant specimen in the 25th cycle to most resistant 
specimen that first showed signs of disintegration at the 1,450th cycle. Correlation 
between resistance to freezing and other physical properties was very poor. As a 
—— requirement Schurecht ratio was most valuable. Specimens that had an 
absorption greater than 6% after 5 hr. boiling were usually of poor quality if 
Schurecht ratio was greater than 0.9 or less than 0.6. Schurecht criterion is based 
upon a theoretical upper limit of 0.9, but assignment of lower limit is purely empirical. 
It is shown that specification drawn for cast stone assures that any sample accepted 
will very probably be of good quality.—AutTHors’ SyNopsis 





ENGINEERING DESIGN 
BRIDGES 


The Coronmeuse bridge in Liege, Belgium. Schweiz. Bauzig. (Switzerland), 
Feb. 14, 1931, V. 97, No. 7, p. 85.—Bridge built for International Congress on Con- 
crete and Reinforced Concrete in 1930, spans canal between Liege and Maestricht, 
river Meuse and branch of latter. Reinforced concrete structure is 1033 ft. long, 59 
ft. wide and consists of 1 opening of 689 ft. over canal, 3 of 132.6 and 144.3 ft. over 
river and 2 openings of 110.6 and 106.9 ft. over river branch. Each arch is made of 2 
arch ribs of three-hinged type. Arches have especially heavy reinforcement near 
hinges. Center hinge was placed after arch sections were brought into place by means 
of hydraulic presses, by method of Freyssinet. (cf. La Technique des Travaux 
(France), Sept. 1930.)—A. E. B. 

International Congress for bridge construction and superstruuctres, 
Paris, 1932. Schweiz. Bauztg. (Switzerland), June 20, 1931, V. 97, No. 25, p. 324-5. 

















ABSTRACTS January, 1932 109 


Subjects to be discussed at first International Congress for bridge construction and 
superstructures, in Paris in 1932 include: (1) Stability and strength of structural 
members subjected to pressure and bending. (2) Slabs and frames in reinforced con- 
crete construction. This includes square fully supported slabs, mushroom ceilings, 
frames, disks and folded members (Faltwerke). (3) Large girder bridges of reinforced 
concrete. A review will be given of construction processes now in use in various 
countries. (4) Bridge dynamics. Theory and practice of equipment for production 
and measurement of vibrations as well as fundamental principles for practical ecal- 
culation of structures under effect of dynamic loads. (5) Statics of reinforced concrete 
with consideration of properties of structural materials: elasticity, plasticity and 
shrinkage. (6) Combination of steel beams with concrete. Columns of different 
types with plain and reinforced concrete encasings will be characterized. (7) Con- 
struction soil research.—A. B. 

Designing the first Freyssinet arch to be built in the United States. Conpr 
B. McCuLLouGH AND ALBIN L. GemeNny. Eng. News Record, Nov. 26, 1931, V. 107, 
No. 22, p. 841-845.—First bridge in this country using Freyssinet method of concrete 
arch construction is nearing completion at mouth of Rogue River in Oregon, a half- 
million dollar project of Oregon state highway commission forming important link 
of Roosevelt Highway along Pacific Coast. It consists of seven 230-ft. arches of the 
open spandrel type. A concrete arch ring resting on centering is under no load and, 
with exception of local shrinkage stresses, is under no stress. Upon removal of center- 
ing, loads are supported in a large measure, by axial thrust in arch rib. This thrust, 
however, induces elastic shortening in the rib and forces it to assume shorter curve. 
Decreases in temperature and shrinkage of concrete operate in similar manner, and 
produce deformations which result in bending stresses. If arch, while on falsework, 
is severed at crown and a system of hydraulic jacks introduced, this rib can be 
lengthened by an amount equal to calculated shortening produced by dead load, 
temperature, shrinkage, and plastic displacement of supports so that arch can take 
load without settlement or flexure. This is theory underlying Freyssinet system of 
decentering. Entire design operation consists of 2 steps: (1) Lay out arch in ordinary 
manner and compute live load, impact, temperature and shrinkage stresses. (2) 
Compute compensating stresses to be introduced by hydraulic jacks exactly as in case 
of any cantilever loaded with eccentric terminal thrust. Last phase of design is 
simply a determination, by trial, of stresses due to jacks which, when combined with 
stresses computed in step (1), will form most favorable distribution throughout rib. 
Some of columns forming superstructure of the Rogue River Bridge were articulated 
either at top or at both top and bottom during operation of decentering and adjusting 
in order to eliminate an element of uncertainty. These articulations are later rendered 
monolithic by grouting.—D. E. L. 

Modern bridges in Palestine. Eng. News Record, Oct. 29, 1931, V. 107, No. 
18, p. 691.—Within limits of a small budget public works department of Palestine 
is ‘actively improving its road and bridge system. Important grade crossing just 
completed northeast of Haifa comprises three pairs of continuous spans and has 
width of 39 ft. including sidewalks. Structural reinforcement consisting of angles 
and flats is used in place of round bars and old iron nails are used as an admixture to 
concrete in certain parts of structure. Structural reinforcement is intended to give 
greater strength against earth tremors than would be obtained with bar reinforce- 
ment. Use of nails was made possible by a large accumulation from forms. They 
were used with idea of increasing shear resistance of concrete at points of heaviest 
shear. Cost of entire structure was $25,000 or $18 per cu. yd.—D. E. L. 


BUILDINGS 


A new plant building for the Sabiem in Bologna, Italy. Rass. Cemento 
armato (Italy), 1931, No. 8, 3 p.—A general description of location and arrangement 
of reinforced concrete structural members of large industrial hall structure presents 
+. > of design, method of construction and fundamental calculations.— 
A. E. B. 

St. Hildegard church in St. Ingbert. G. Gitprin. Beton u. Eisen (Germany), 
Sept. 20, 1931, V. 30, Heft 18, p. 325-327.—New St. Hildegard church has for its roof 
framing a series of reinforced concrete, rigid, 2-hinged frames, with a clear span of 
44 ft. and a clear height from hinge to soffit of 33 ft., spaced at 13 ft. The top hori- 
zontal member has a depth of 26 in. and the two sloping side legs 22 in. Two beams 
at the upper joints of the frames furnish longitudinal stiffening. Forms for the frames 
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were mounted on a movable scaffold and were poured in three nareene. The rough ex- 
posed surface of the roof frames will remain untreated.—A. 

Rigid frame storage shed. G. Murnz. Beton u. Eisen ‘ (Germany), July 20, 
1931, V. 30, Heft 14, p. 262-264.—Reinforced concrete lumber storage and drying 
hall is one story high, L-shaped in plan with a total length of 502 ft. and consists of 
two-hinged frames with a span of 79 ft. spaced at 35 ft. Chief point of interest is the 
framing at the corner of the L where three-legged frame carries the roof. In plan this 
frame has a Y form with a vertical leg at each of the extremities. The job was com- 
are: a 8 weeks. Average 28-day strength of 8-in. test cubes was 3500 p. s. 

A, / 

The new Sihlpost Building (post office) in Zurich, Switzerland. Bram. 
Schweiz. Bauztg. (Switzerland), March 28, 1931, V. 97, No. 13, p. 149-68.—Entire 
building group comprises main building with side wings, post railway station with 10 
tracks, tunnel subway and garages. Article describes in 4 sections (1) design and 
arrangement of structures, (2) technical installations, (3) automatic te lephone 
system and (4) reinforced Pelle structures. Of special interest and of unusual! 
design are mushroom ceilings, Maillart system, with great spans. Load experiments 
on finished structure and carefully controlled laboratory parallel tests were con- 
ducted by Prof. M. Ros. Loaded ceiling panels showed no deformation after tests.. 
Moduli of elasticity are presented and static considerations are reported.—A. E. B. 

A new floor system and test thereof. K. L. Meyer. Beton u. Eisen, (Ger- 
many), Nov. 20, 1931, V. 30, Heft 22, p. 389-392.— Metal pan sy stem (Kieler Decke) 
consists of pans made 16 in. wide, in 2 lengths (5 and 614 ft.) and 2 depths (6 and 8 
in.). Topping is 2in. Joist width may be varied ac cording to load and span. Total 
length required for any given span is attained by sliding end of each pan into adjacent 
pan. Weight of 6-in. slab is 40 p. s. f. and of 8-in. slab 45 p. s. f. Low costs permit 
competition with usual wood floor construction for small jobs. In test to failure on 
simply supported slab 9.8 ft wide, having a span of 17.7 ft. and a total thickness of 8 
in., made in Kiel, entire load was placed on center rib (7 ribs 20 in. 0. c.). Design 
live load was 41 p.s.f. Deflections were observed at centers of all ribs and at load of 
8250 lb. deflection was 1/740 of span. Permanent deflection 14 hr. after removal of 
load was 1/43200 of span. Deflection of each rib, total load, Z and slab dimensions 
yield, through use of deflection formula for simple beams, approximate values of load 
taken by each rib. From center rib outward the load ratios are 22 (center rib), 16°, 
14% and 9%. At loading of 8250 lb. no cracks appeared, at 11,680 lb. fine cracks 
were seen and at 13,750 lb. 31 were observed. These are ascribed to concrete failure 
in tension. Up to 24,800 lb. cracks became more numerous but did not become wider. 
At 28,700 lb. cracks ascribed to shear failure appeared. Between this and final load 
of 42, 300 lb. there appeared successively cracks in slabs, a curling up of four slab 
corners, and tendency of ribs to separate from slab.—A. A. B. 


Dams 


Resistance against water pressure, of dam founded on rock. Zizcier. Be- 
ton u. Eisen (Germany), Oct. 20, 1931, V. 30, Heft 20, p. 361-363.—In considering the 
stresses in gravity or buttress and slab ‘dams, author rejects trapezoidal stress distribu- 
tion and views structure as a wall taking water pressure and a series of inclined com- 
pression members transferring this pressure to foundation. A large number of 
references are given.—A. A. B. 

Water pressures on dams during earthquakes. H. M. WesterGAarp. Proc. 
Am. Soc. C. E., Nov., 1931, V. 57, No. 9, p. 1303-1318.— During earthquake added 
stresses are caused i in ‘concrete dam by accelerations of mass of dam and by chs anges 
of water pressures. As a result of some basic assumptions and ms athematical manip- 
ulation it is shown that pressure will be same as if certain mass of water moved back 
and forth with structure while remainder of water in reservoir is inactive. Formulae 
are derived and it is concluded that influence of dynamic action of water is neither 
excessively large nor negligible in designing concrete dams against possible earthquake 
disturbance at site not containing an active fault—H. J. G. 

The Big Chambon dam. A. CoLuaNnGe. Technique Travaux (France), March, 
1931.—Chambon dam, under construction in Haute-Romanche, will be largest 
structure of its kind in France. It isa gravity dam built of concrete with incorporation 
of blocks. Reservoir will have large capacity, receiving precipitation from 96.5 sq. 
miles. Dam will be 295 ft. high from bottom of valley, not including foundations, 
which will probably attain a depth of 115 ft.—M. A. C. 
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The hydro power station of the Zemm and Tux river in the Ziller Valley 
in Tyrol, Austria. Max Pernt. Wasserkraft u. Wasserwirtschaft (Germany), June 
15, July 1, 15, Aug. 1, 1931, V. 26, No. 12-15, p. 141-4, 155-9, 166-71, 184-8.—Com- 

rehensive description of history, development and construction of ‘large Austrian 

ydro power plant with dam structures and water transportation includes arrange- 
ment of site of construction, handling of structural materials, aggregate washing and 
screening plant and distribution of concrete. Illustrations and charts show design 
and dimensions of dam, intake, penstock, weirs, reservoirs, “.@ plant, power 
station, turbine foundations, gates and other installations.—A. E. 


MISCELLANEOUS 


Cutting corners in concrete structural design. J. R. Gorrz. Concrete, Dec., 
1931, V. 39, No. 6, p. 22-24.—Design of spiral columns is shortened by use of two 
nomographic chi Bed which determine core diameter, size and spacing of longitudinal 
steel, and size and pitch of spiral steel. Charts are based on 1928 Joint Code.— 
N. H. R. 

Simplification of design computations. F. Wincerter. Beton u. Eisen (Ger- 
many), Sept. 20, 1931, V. 30, Heft 18, p. 332.—Wanrning is sounded against stifling 
ingenuity of designer by too rigid and comprehensive office standards. General set 
of standards for sizes of members is desirable but can be successful only if put out by 
an authoritative organization. Job inspection needs fixed standards enforced by well- 
trained men. It is suggested that a field inspector be required to have a university 
degree and 8 years of field and office experience with contractors. The demoralizing 
effect on the profession is mentioned, of fee-cutting by designing engineers in times 
of depression. Very great simplification of design work would be effected by not be- 
ginning construction until plans are completed. Greatest waste at office end is due 
to this cause.— A. A. B 

The shear reinforcement in the German specifications for reinforced 
concrete. Karu Hacer. Bauingenieur (Germany), March 20, 1931, V. 12, No. 12-13, 
p. 213-6.—A summary is presented of work of German Committee on Reinforced 
Concrete on shear reinforcement of reinforced concrete beams, and German standard 
specifications for reinforced concrete of year 1985 are criticized. Requirements for 
such reinforcement as proposed in tentative specifications of 1931 are considered to 
be too severe and suggestions are made for om suitable specifications actually based 
on experimental data of practice.—A. E. 

Contribution to the question of Ft reinforcement of cr concrete 
beams. E. Prosst. Bauingenieur (Germany), March 20, 1931, V. 12, No. 12-13, p. 
208-12.—Comprehensive study was undertaken at Institute for "Testing Materials at 
Technical U niversity in Karlsruhe, Germany, to obtain information as to necessary 
shear reinforcement of reinforced concrete beams. A number of test beams were 
broken by 2 concentrated loads arranged symmetrically upon span of 11.5 ft., spaced 
3.1 ft. apart. Loads at which first cracks appear and their development were care- 
fully examined giving a basis for comparison for different types of beams. Efforts to 
produce beams having same resistance against shear and bending stresses failed. 
Investigation includes studies of stresses in individual bars in different locations and 
positions. From these tests and previous experiments it was concluded that no shear 
pelatore ement is necessary in concrete sections where shear stress is below 57 p. s. i. 
\ B 

About the shear reinforcement of reinforced concrete beams. Orro 
Grar. Bauingenieur (Germany), June 12, 1931, V. 12, No. 24, p. 442-6.—In addition 
to papers by Probst and Hager (cf. Bauingenieur (Germany), March 20, 1931, V. 12, 
No. 12-13, p. 208-12, 213-6), author submits his opinion on new proposed German 
specifications for construction of reinforced concrete structures. He criticises require- 
ments for shear reinforcement: all shear stresses shall be taken by bent-up bars or 
stirrups or by bent-up bars and stirrups. No consideration is given to tensile strength 
of concrete. Experiments show that failure of reinforced concrete “eames can be pre- 
vented when compressive strength of concrete is higher than 1775 p. s. i. and fully 
reinforced against shear stresses. Same effect is obtained with half scat of shear 
reinforcement when concrete compressive strength is higher than 2840 p. s. i. Of 
special importance is close observation of formation and growth of cracks in test 
beams which illustrate reasons for failure —A. E. 

The question of shear reinforcement. E. Prorst. Bauingenieur (Germany), 
June 12, 1931, V. 12, No. 24, p. 447-9.—Additional test results with reinforced con- 
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crete beams are presented. Different types of cracks and their location and direction 
are analyzed. Ultimate load is not decisive for a valuation of effect of shear reinforce- 
ment but load at which first diagonal cracks appear. In any case of decision, as to 
how much shear reinforcement is necessary, observation and examination of crack 
formation is of fundamental importance. Based on his experiments author proposes 
new text for this part of specifications to avoid unnecessary severity.— A. E. B 

New formula for concrete columns needed. Hersert J. GILKEY AND 
WarrEN Raeper. Civil Engineering, July, 1931, V. 1, No. 10, p. 924-928.—Paper 
reviews briefly work of Otto Graf, Hatt, MeMillan and Davis pertaining to shrinkage 
and calls especial attention to the A. C. I. column tests in progress at Lehigh and 
Illinois Universities. Tests by Gilkey and Raeder constitute a departure from type 
of test used heretofore in investigations of effect of high steel stresses on strength and 
safety of columns. Question was: ‘Do yield point stresses in the steel constitute a 
hazard in a reinforced concrete column?” Bars greased and ungreased were left 

rotruding 4 in. from the ends of small columns, both with and without lateral re- 
inforcement. For columns without lateral reinforcement there was splitting at or 
near yield point of steel rods. With adequate lateral reinforcement, protruding 
longitudinal steel was pressed into concrete until metal end-plates bore on both con- 
crete and steel and ultimate load reached represented the yield point strength of steel 
plus strength of spiralled concrete core. The conclusions were: (1) Tied column will 
split when or soon after yield point stress in longitudinal steel is reached. (2) In a 
properly spiralled column, yield-point stresses in longitudinal steel create no hazard. 
(3) Bond between steel and concrete is not essential in spiralled column if steel butts 
against unyielding ends. (4) In such member as reinforced spiralled column, n, ratio 
of moduli of elasticity is meaningless and may be discarded. These tentative con- 
clusions are in agreement with work of A. C. I. ‘Committee No. 105 in so far as results 
have been published. This is considered significant in view of fact that high steel 
stresses were here induced by requiring steel to carry all load until its yield point was 
reached while in work of Committee 105, high steel stresses were attained through 
shrinkage of concrete and consequent unloading on steel via bond and tension or 
tendency toward tension in concrete.—H. J. G. 

A new freight harbor in Rotte@@dam, Holland. Van Discx. Publ. Werken 
(Holland), 1931, No. 1, 9 p.—After describing economical questions which lead to 
construction of large harbor, author illustrates in detail entire arrangement and 
various structures. Of special interest is quay wall which was founded upon rein- 
forced concrete caissons.—A. E. B. 

Load experiments with piles of various shapes. Zement (Germany), Oct. 29, 
1931, V. 20, No. 44, p. 960-1.—Paper by H. Lossier in Genie Civil (France), Sept. 12, 
1931, No. 11, is reviewed and further studies with small experimental piles (6 in. to 39 
in.) were made. Piles were driven into box filled with materials of various character 
and necessary loads were observed. Formula by Doerr enables calculation with 
sufficient accuracy of relation between bearing power and shape of pile.—A. FE. B. 

Unsymmetrical loading of box culverts. G. H. Harareaves. Concrete 
Constr. Eng., Nov., 1931, V. 26, No. 11.—In box-culvert design it is usual to assume 
symmetrical loading at sides to simplify design. In practice two cases of unsym- 
metrical loading can occur, first being due to passage of live load and second to earth 
pressure on one side only. Effect of an unsymmetrical load can be realized by con- 
sidering box-culvert under symmetrical and unsymmetrical loading. An example is 
outlined for a symmetrical loading assuming uniform distribution along base of 
culvert. Effect of an unsymmetrical load due to heavy wheel loads is to give greater 
maximum moments. Such condition occurs when height is large compared with span 
or where ratio of moments of inertia is very low. Curves are plotted for finding 
moments at 4 corners of culvert for both cases of uniform and triangular side loads. 
Curves are plotted for different values of ratios of moments of inertia and ratios of 
two sides. Unequal side loadings tend to produce unequal pressures over base of 
culvert. Formulae are given for both uniform and triangular side pressures for the 
pressure on the base, assuming that the pressure is uniform under vertical and equal 
side loads.—J. M. 


RoapDs AND PAVEMENTS 


The race track for cycles and motor cycles of the stadium of the Littorio, 
Tripoli. Francesco Bono. Le Strade (Italy), May, 1931, p. 134-139.—Race track is 
constructed of reinforced concrete about 20 ft. wide in form of an oval made up of 2 
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straight sections and two semicircular ends of parabolic cross section. In some 

rtions of end section space below track is used for storage and dressing rooms. 

he reinforced concrete slabs approximately 31% in. thick are placed on surface of 
earth terraces roughly faced with stone. Straight sections of track are inclined at an 
angle of 5 deg. which is less than that of friction between surface and vehicle. Tran- 
sition from profile of curved section to that of straight sections was given considerable 
study. Curved section was finally designed by determining angle of surface required 
for equilibrium between forces acting for a given limit of maximum and minimum 
velocity. Nine successive ranges of velocity were used giving enough points to allow 
a smooth curve to be drawn determining the profile of section. Earth terrace is re- 
tained by a wall approximately 16 in. thick. Rain water from the track is taken care 
of by a concrete drain at its base—C. G. C. anp M. N. C. 


ARCHITECTURAL DESIGN 

The aesthetics of bridges. ‘‘L’Esthetique des Ponts.’’ Jacques PILPouL. 
1931. Editor: Le moniteur des travaux publics de |’entreprise et de |’industrie, Paris, 
France. Reviewed in Schweiz. Bauztg. (Switzerland), May 30, 1931, V. 97, No. 22, 
p.}283.—Book deals with architectural designs and aesthetic values of bridges of 
wood, stone, metal, concrete and reinforced concrete. Comprehensive treatise shows 
250 illustrations of characteristic bridge structures.—A. E. B. 

International contest for the Dreirosen bridge over river Rhine in Basel, 
Switzerland. Schweiz. Bauztg. (Switzerland), March 14, 21, April 4, May 9, June 
27, 1931, V. 97, No. 11, 12, 14, 19, 26, p. 129-33, 144-6, 173-5, 246, 335.—Newly 
developed sections of city of Basel made additional bridge across river Rhine neces- 
sary. Under conditions of contest, architect had choice of 1 or 3 openings, inclination 
was limited to 2.5 per cent, center opening had to be at least 23 ft. high over width of 
262 ft., roadway must be 40 ft. wide with 2 additional sidewalks of 10 ft. each. Total 
of 76 designs included 10 reinforced concrete girder bridges with 3 openings and 23 
reinforced concrete arch bridges with 1 or 3 openings. Decisions of judges are re- 
ported and 7 designs awarded prizes are critically discussed. Reinforced concrete 
girder bridge (project No. 50) has 3 openings and is distinguished by very elegant 
curves. Question of foundations is successfully solved. Cross-sections show con- 
struction details and reinforcements. Reinforced concrete arch bridge (project No. 
37) has harmonious appearance although somewhat too heavy for its isolated location. 
Connection between bridge and approaches is very effective. For further description 
see Bauingenieur (Germany), May 1, 15, 22, 1931, V. 12, No. 18-21, p. 311-5, 363-9, 
382-91; JourNAL A. C. I, Nov., 1931, V. 3, No. 3, Abstracts, p. 59.)—A. E. B. 

Competition for a Catholic church in St. Karli-Untergrund in Lucerne, 
Switzerland. Schweiz. Bauztg. (Switzerland), Feb. 14, 1931, V. 97, No. 7, p. 80-4.— 
Among 68 architectural designs of modernistic church structure 3 were awarded 
prizes. Church is on river shore close to reinforced concrete arch bridge. Con- 
structive and aesthetic values of church designs are critically examined.—A. E. B. 

Architectural form and construction. Evangelic round church in Essen, 
Germany. G. LAMPMANN, BARTNING AND J. HABER-ScHaAIM. Zentralblatt d. Bauver- 
waltung (Germany), Jan. 21, 1931, V. 51, No. 3, p. 38-40.—Steel skeleton of modern 
German church is encased with reinforced concrete. Nature of construction principle 
and its advantages are explained. General arrangement and shape of structure and 
its aesthetic effects are pointed out indicating a new and singular type of church 
buildings.—A. E. B. 

About the design of industrial structures. Fritz Scuupp. Baugilde (Ger- 
many), Oct. 10, 1931, V. 13, No. 19, p. 1502-9.—Close cooperation of architect and 
engineer in designing industrial buildings is necessary. Aesthetic value of large groups 
of structures is frequently destroyed by new additional enlargements without con- 
sidering their total impression. Of special importance is well designed connection 
between steel and reinforced concrete structures. Conveyor bridges, when properly 
designed and placed, can add to artistic effects.—A. E. B. 

Church in Berlin-Wilmersdorf. F. Honcer. Beton u. Eisen (Germany), Sept. 
20, 1931, V. 30, Heft 18, p. 321-322.—In new church and community house on 
Hohenzollernplatz, aim has been to give to a massive structure a certain air of 
elegance by reason of its clearness and simplicity. Church itself consists structurally 
of 13 A-shaped reinforced concrete frames (45 ft. wide by 84 ft. high, inside), spaced 
at 8.7 ft., with the triangle of the ‘‘A’’ bowed out to form a gothie arch. Horizontal 
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member supports main floor. Upper side of arch has a stepped outline to catch roof 
beams. Care and accuracy with which frames were poured yielded such fine results 
that concrete surface after undergoing a roughening treatment to bring out aggregate, 
will be left exposed with form marks showing. To increase monumental effect of 
interior, design calls for concealed lighting fixtures above altar space. Combination 
of heavy arches with proper lighting and shadows should produce an impressive 
whole. Building is still under construction.—A. A. B. 

Reinforced concrete church in Berlin-Wilmersdorf. Dr. Kusauvu. Beton u. 
Eisen (Germany), Sept. 20, 1931, V. 30, Heft 18, p. 322-325.—New church on the 
Hohenzollernplatz included also a pastor’s house and a community house but con- 
sulting engineer considers only church proper, as other portions are of ordinary 
construction. The nave roof and walls are carried by reinforced concrete A-frames 
hinged just above horizontal member and at base. (cf. Preceding abstract of article 
by architect.) Frames have concrete surface exposed on the interior but have an 
exterior brick facing. Structural portion of frame near crown, has a depth of 5 ft. 
which decreases to 1.67 ft. at horizontal member. The removal of a swampy subsoil 
revealed a firm sand, so spread footings were used for 5,000 p. s. f. The statically 
favorable form of the A-frames permits of light reinforcing. The longitudinal bracing 
between frames is furnished by the roof slabs and beams and by two deep (approx. 
8 and 11 ft.) beams. Use of high strength cement permitted early removal of forms 
on arched sections.—A. A. B. 

What does the modern architect expect from the chemistry of structural 
materials? Water Gropius. Zeitschr. fur angew. Chemie (Germany), Sept. 19, 
1931, V. 44, No. 38, p. 765-8.—Necessities for improving light concrete building 
materials for construction of walls in skeleton structures are important from stand- 
point of architect. Excessive volume changes are still causing considerable trouble 
and lead to failures. Joints of such walls have not sufficient water impermeability 
and need better filling materials. Cement mortar coatings, exterior and interior 
plasters, flooring materials and metal coatings are criticised.—A. E. B. 


FIELD CONSTRUCTION 
BRIDGES 


New highway bridge over the Maggia near Locarno (Switzerland). Schweiz. 
Bauztg. (Switzerland), April 25, 1931, V. 97, No. 17, p. 220.—Three-hinged reinforced 
concrete arch bridge of 288 ft. span over river Maggia recently was finished. General 
arrangement and construction principle of centering and reinforced concrete arch of 
old structure, which collapsed shortly before being finished, were used and applied to 
new bridge. Centering is of new and peculiar design. Valuable results of measure- 
ments of stresses and deformations during concreting period and removal of concrete 
forms were obtained and will be discussed in later report.—A. E. B. 

Construction of a reinforced concrete beam bridge. Schweiz. Bauzig. (Swit- 
zerland), Aug. 22, 1931, V. 98, No. 8, p. 103.—Bridge across Rio do Peixe in Brazil 
consists of a continuous reinforced concrete frame over 3 spans of 78.7, 223.1 and 78.7 
ft. and 25-ft. roadway. Unusually wide span over river is remarkable for this type 
of bridge erected by cantilevering in sections from both sides. Counterweights were 
= to shore ends of beams to compensate excessive bending moments.—A. 


Unusual construction methods build Schuylkill river bridge. M. E. 
MITCHELL. Concrete, Nov., 1931, V. 39, No. 5, p. 21-22.—Schuylkill river bridge in 
Philadelphia, a trapezoid in plan, consists of two 172-ft. concrete arch spans, with all 
external surfaces faced with Pennsylvania sandstone above a plane 2 ft. below mean 
water, and granite on lower 8 ft. Both arches are skewed—south face about 1 deg. 
47 min. and north face 4 deg. They are supported by 2 abutments and center pier 
which were sunk as pneumatic caissons to rock, 35 to 50 ft. below high tide. Rise of 
arches is excessively low for their loading, distance from spring line to crown of arch 
being only 31 ft. Concrete deck is supported by cross-walls with 10-ft. centers. 
Solid spandrel walls of concrete faced with sandstone are supported directly on the 
arch, and are keyed into the cross-walls. To avoid blocking river traffic by false- 
work, overhead trusses were carried on pier and abutments on framed steel bents 
resting on I-beam grillages designed to permit shifting trusses from one section of arch 
ring to next. Movable tension rods arranged in pairs supported centering. Placing 
of the voussoir stones began when lagging was completed. Reinforcing steel and 
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bulkheads were placed while stone setting was in progress. Concreting began as soon 
as keystone was set. Concrete in keys was cured 14 days. Centering was released by 
slacking tension rods and taking bolts from channel rib splices, and lowered to barges 
by large cranes. In sinking steel floating caisson for west abutment 12 shafts 7 ft. in 
diameter were used. Concrete caisson for cast abutment was 123% by 50 ft., built in 
place on steel cutting edge within cofferdam of steel sheet piling and sunk 19 ft. in 20 
days.—C. B. 

Unusual forming methods employed on Los Angeles viaduct. Rovusnert 
Youmans. Concrete, Nov., 1931, V. 39, No. 5, p. 7-9.—Design of viaduct called for a 
great deal of surface ornamentation, all of which was cast in place monolithically with 
the structural concrete. Almost 90 per cent exterior forms were built in units at a 
central yard adjacent to job and assembled on viaduct. Structure consists of eight 
arch spans, including a 254-ft. spring hinge arch and seven arches of 70-ft. span and 
18 beam-and-girder spans with arched smoke slabs underneath. Ten abutments were 
required, some rising 112 ft. from bottom of footings to top of pylons. Rod ties held 
pre-fabricated units in true position. Ties were placed at rather close intervals for 
8 ft. pour. After unscrewing cone at the end of tie, threads on the embedded rod 
provided a secure anchor for patching concrete. Posts were cast in one operation 
from footings to tops of caps and spandrel walls from the footings up to sidewalk 
lines. Forms for the posts and the spandrel walls were pre-fabricated in single units 
and erected in place. Outside forms for pylons were fabricated in yard and joined to 
the forms erected in place. Forms were surfaced on one side and on both edges and 
exterior forms were sanded with an electric sander and oiled. Plaster molds and casts 
were molded before building the forms, thus assuring a neat take-off between the 
plaster and the wood forms. Two sizes of sand and 3 sizes of rock were recombined 
by weight to secure the grading desired. Proportions approximated 1:2:3 mix, with 
minor changes to secure desired results. Mixed concrete was transported by trucks 
and — for distribution to forms in buggies. Slumps ranged from 3 in. to 7 
in.—C. B. 


BUILDINGS 


Metal forms and adjustable shores speed erection and removal. Concrete, 
Oct., 1931, V. 39, No. 4, p. 23-25.—Metal forms were employed in erection of 3-story 
reinforced concrete flat-slab warehouse 105 by 400 ft. in plan, for Great Atlantic and 
Pacific Tea Co. at Cincinnati. Total contact form area of the floor and roof. slabs 
was approximately 120,000 sq. ft. or 49,000 sq. ft. in each story. Standard floor 
forms consisted of metal pans 4 ft. square, supported by adjustable metal shores at 
each corner of pan. Adjustable pans were 4 ft. wide and any length more or less 
than 4 ft., to fit the exact floor panel dimensions. Forms for drop panels were made 
up in five units, consisting of 4 quadrants or quarters, and circular plate. A small 
section of floor forms was started, set up accurately and securely braced so as to 
obtain true alignment. Additional pans and shores were mushroomed out from 
aligned section until form work of required area was in position. Floor pans were 
removed by simple process of removing wedges that held castings on shore head in 
position. First pan was removed by means of blocks and wedges devised for purpose. 
Succeeding pans readily dropped out when the wedges were removed and the pivots 
supporting castings were lowered. Job required approximately three-fourths of 
form contact area of one floor. In general, the minimum form area required is about 
3% times the area concreted in a day. The number of shores required is generally 
from 6 to 8 times number required for one day’s concreting.—C. B. 

A new solid ceiling of peculiar design. Deutsche Bauztg. (Germany), 1931, 
No. 75-76, 2 p.—A number of modern types of solid ceilings and their requirements in 
building construction are described with special reference to steel pipe and concrete 
ceiling of Bauer system. Process of manufacturing and properties are illustrated and 
advantages characterized.—A. E. B. 

Solid ceiling made from light concrete, Statie system. Kart Strapor, 
Deutsche Bauztg (Germany), March, 1929, No. 3, 2 p.; reviewed by Wilhelm Petry 
in Zement (Germany), Nov. 5, 1931, V. 20, No. 45, p. 978.—New type of ceiling is 
designed to decrease dead load by partial use of Rhenish pumice as aggregates, dis- 
tinguished by light weight per cu. ft., good heat and sound insulating properties, and 
great resistivity against temperature effects. Ceiling is made of solid bodies 11.8 in. 
square and from 4.7 to 7.9 in. high. Top edges are bevelled. Bottom edges are 
jointed together forming grooves 1.3 in. wide between bricks in which longitudinal 
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and transverse reinforcements are placed. Grooves are then filled with gravel con- 
crete. No top facing on bricks is necessary. Bricks are made mechanically from 
mixture of portland cement and pumice without addition of sand and have com- 
pressive strength of at least 570 ps. i. Loading tests of ceiling in practice are 
described. Ceiling is suitable, even when large spans are required, for dwelling houses, 
office buildings, school houses, hospitals, etc.—A. E. B. 

Construction of farm buildings. ‘‘Konstruktion landwirtschaftlicher 
Bauwerke.’’ Tx. Gestescui, 1930, Julius Springer, Berlin, Germany. Reviewed in 
Schweiz. Bauztg. (Switzerland), Nov. 14, 1931, V. 98, No. 20, p. 259.—Book illustrates 
construction methods with special reference to farm and country building. Con- 
tractor and architect find collection and field of application of various methods and 
structural materials. Special emphasis is given to erection of large halls, stables, 
barns, sheds, storage silos and green houses.—A. E. B. 

Reinforced concrete in the U.S. S. R. Constr. Ciment Arme (France), Oct., 
1931, V. 13, No. 145, p. 217-220.—Two larger paper mills at Balachna, near Nijni- 
Novgorod, are to compensate for loss of paper industry in Finland. Installation is 
highly up-to-date and provides for annual production of 85,000 tons pulp and 36,000 
tons cellulose in one mill and 110,000 tons of newspaper material in other. Work was 
begun in 1926 and completed in 1929. While at present not a single machine has been 

ut in operation, 2 more mills have been designed to supplement this production. 
inforced concrete was selected because of its durability. Scope of construction 
a use of 65,000 cu. yd. concrete, 4,500 tons steel and 12 million bricks.— 


Dams 


A large arch dam. Eng. (England), Oct. 30, 1931, V. 152, No. 3955, p. 462.—The 
Tujunga dam built by the city of Los Angeles for flood control isa variable radius arch 
dam with maximum height of 240 ft. and with gravity type abutments. Arch is 400 
ft. long on crest which is 8 ft. thick and has a radius of 190 ft. At base the radius is 
120 ft. and thickness 75 ft. The foundation rock was grouted to refusal under 100 
lb. pressure. Concrete was carried up in blocks 50 ft. wide with radial joints, made 
watertight by copper plates at 1 ft. from both upstream and downstream faces. 
Concrete mixed in 2-cu. yd. drum was carried on a travelling belt to buckets of 
hoisting tower from which it was distributed by inclined chutes and vertical telescopic 
drop pipes.—G. M. W. 

Power development at Chats Falls. Canadian Eng., Oct. 20, 1931, V. 61, No. 
16, p. 9.—Chats Falls power development is being made jointly by the Ontario 
Hydro Electric Power Commission and the Chats Fall Power Co., on Ottawa River 
near Fitzroy, Ontario, to develop 224,000 H. P. Concrete dam is gravity type with 
top width of 5 ft. with vertical upstream face and is 40 ft. high at the deepest section. 
Flood control consists of 74 stop log sluices in addition to four 40-ft. motor operated 
steel roller type sluice gates. Concrete plant consists of two 2-yd. mixers with 
apparatus for weighing aggregates. Coarse aggregate is crushed rock from power 
house excavation. For hauls up to 3,000 ft. concrete was transported in l-cu. yd. 
dump cars running on trestle near upstream face of dam. Work was carried on during 
winter months. Forms were covered with timber and canvas and 450 H. P. boiler 
capacity was employed to furnish steam. A total of 250,000 cu. yd. of concrete was 
required.—G. M. W. 

Power plant in Northern Ontario largely built during winter months. 
D. HutcHiInson AND Ropert F. Leaget. Eng. News Record, Oct. 29, 1931, V. 107, 
No. 18, p. 678-682.—As it was necessary to construct much of the Upper Notch dam 
and power plant of the Northern Ontario Power Co., during the winter, project was 
carefully planned. Power house forms integral part of gravity dam 500 ft. long and 
70 ft. high at maximum section. Coarse aggregate was obtained by crushing rock 
from excavation for power house and tailrace. Sand was obtained near site. The 
l-cu. yd. mixer discharged into 3-yd. dump hopper, thence into 2-yd. dump cars. 
Concrete was deposited from cars by chute or elephant trunks. Latter prevented 
segregation. An average strength of 2,675 p. s. i. was obtained using 5.24 bags of 
cement per cu. yd. and 5 gal. of water per bag of cement. Ingredients were heated 
before mixing, as were dump cars and forms. Although 75% of concrete was 
placed in freezing weather, and no anti-freeze compounds were used, none of concrete 
froze. All main forms were housed in light shelters built as timber frames covered 
with tar paper, intervening air space being heated by coke salamanders.—G. M. 
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Electric-resistance strain gauge measures stresses in concrete. E. C. 
Eaton. Eng. News Record. Oct. 15, 1931, V. 107, No. 16, p. 615-616.—A strain 
gage developed in testing laboratory of Los ” Angeles County’ lood Control District 
will measure strains as small as 0.000003 and a temperature change of 4 of 1° C. 
Principle of gage is based on change in electrical resistance of an elastic steel wire 
due to change in tension in wire. A Wheatstone bridge circuit is used to determine 
ratio of resistances of coil unaffected by movement of gage and two coils affected in 
opposite directions. When gage has been calibrated, this can be translated into 

strain. In laboratory test specimens this gage has given results agreeing very closely 
with a mechanical gage. It has been used on Big Tujunga arch dam.—G. M 


MISCELLANEOUS 


Formulas for estimating costs of concrete structures. F. Buren. Beton u. 
Eisen (Germany), Oct. 5, 1931, V. 30, Heft 19, p. 349-352.—Author develops, on basis 
of unit prices of materials in place and unit loads, formulas for unit prices (per sq. ft. 
for slabs and beams, per lin. ft. ~ columns, etc.) to be used in obtaining price esti- 
mate for concrete structures.—A. A. B. 

Cost calculation for concrete + Baumarkt (Germany), Aug. 28, 1931, 
No. 35, p. 958.—A simple calculation method is described for studying efficiency and 
best useful application of concrete mixing equipment for construction jobs and con- 
crete products industry. Costs of mixing by hand and mechanical mixer are com- 
pared.—A. E. B. 

Co-ordinated laws of concrete mixtures and their application. Jos. A. 
Kirrs. Concrete, Nov., 1931, V. 39, No. 5, p. 13-14.—This is first co-ordination of 
fundamental principles of mixtures developed by world’s leaders in science and 
practice of concrete making. Development has been made in connection with 
production of some 4,000,000 cu. yd. of concrete, and the complete co-ordination has 
been employed with marked success on the technological control of some 240,000 
cu. yd. since January, 1929. Constants, presented in tables, have been found very 
accurate, for grading and consistency of mixtures of gravel aggregates, and quite 
conserv ative in indication of strength. Algebraic calculation of a grading of 3 or more 
aggregates is accomplished in a few minutes. Article co-ordinates basic principles of 
concrete mixtures developed by Thacher, Feret, Fuller, Abrams, Talbot, and the 
author. It co-ordinates the following six laws of mixtures: (1) Cement content, (2) 
Water content, (3) Aggregate content, (4) Aggregate fineness modulus, (5) Aggregate 
grading and (6) Yield of combinations. Most fundamental law of mixtures of 
aggregates, cement, and water is that absolute volume is basic measure of ingredients. 
The volume of concrete obtained from a mixture of ingredients is equal to sum of 
absolute volumes of the individual ingredients with a small plus correction for en- 
trapped air and minus correction for cement going into solution with the mixing 
water. ‘‘Absolute volume,” as used herein, is generally termed “apparent volume” 
by concrete physicists. A co-ordinated test procedure is given.—C. B. 

Reinforced concrete construction and control. F. Emprercer. Beton uw. 
Eisen (Germany), Sept. 20, 1931, V. 30, Heft 18, p. 327.—It is possible to produce 
concrete of desired quality and to maintain this quality by job control. Author refers 
to code on job control recently put out by Austrian Reinf. Conc. Committee (Richt- 
linien fiir Baukontrolle bei der Ausfiihrung von Beton und Eisenbetonbauten, Wi ien, 
1931). Tests of job concrete can be entirely independent of an outside testing 
laboratory except in unusual cases. Test apparatus intended for job does not require 
any special training or special ability for its use. In Austria small test beam rather 
than cube has been much used. The cube strength can be computed from results of 
a bending test. To furnish a running check, beams are poured in pairs from every 
50 or 100 cu. m. of concrete mixed. One specimen tested at 7 days must develop 
70% of the 28-day strength. To obtain a more frequent check author casts un- 
reinforced test beams smaller than prescribed size and determins tensile strength in 
flexure. These numerical results are in themselves unimportant, but they indicate 
the constancy of quality of concrete. Code requires that poor concrete be removed 
from site but in practice that is rarely done. The owner may be compensated for such 
poor material used on his job by prescribing a reduction in payment equal to three 
times the reduction in strength. Should the tests show a certain portion of the job 
to be of concrete with one-third less than the specified strength, the contractor would 
receive no payment for that section. This regulation tends to limit the construction 
of large projects to reliable experienced firms.—A. A. Bs: 
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Pioneer ready-mixed-concrete producer erects new Fort Worth plant. 
W. E. Travurrer. Pit and Quarry, Nov. 4, 1931, V. 23, No. 3, p. 29-32.—Pit-run 
gravel, 3 grades of gravel, and 2 grades of sand—all washed—are stored by the Fort 
Worth Sand & Gravel Co. above a 350-ft. concrete tunnel through which they are 
belt-conveyed either to 5-compartment, 150-cu. yd. storage bin in concrete plant or 
to be discharged into bins for sale as aggregates. Bulk cement is received in box cars, 
unloaded by power scraper to chain-bucket elevator, to two 400-bbl. steel bins having 
air jets near bottoms to fluff cement during withdrawal. Cement and aggregates are 
weighed in separate batchers with dial scales. Mixers are one 2 cu. yd. and one 1 cu. 
yd. units. Delivery is by ten 2-cu. yd. truck-mixers.—A. J. H. 

Tests of continuous concrete mixers. A. KLEINLOGEL. Beton u. Eisen (Ger- 
many), Oct. 5, 1931, V. 30, Heft 19, p. 346-348.—Tests were conducted by Prof. Graf 
in March, 1931, on two continuous mixers, one portable ‘““Contefahr’” and one station- 
ary “‘Contistat.”” Former was tested at hourly production rate of 20 cu. yd., latter 
40 cu. yd. Uniformity of quantities passed into drum was checked. In these mixers 
cement and aggregate are thrown into separate bins (aggregate bin may be divided 
for sand and gravel or used as one bin) and are conveyed on friction-controlled belt 
through slot variable in height to 0.6 in. into chamber from which they are passed by 
bucket conveyer into mixing drum. In these tests aggregate did not exceed 0.3 in. 
Power requirement of Contifahr in mixing concrete at 20 cu. yd. per hour was 4.2 
k.w. Greatest variations in material quantities conveyed to drum per hour were: 
cement 1.7%; gravel 2.7%; sand 1.6%; water 1.3%. Cubes (8 in.) and beams (4 in. x 
4 in. x 22 in.) were taken from mixer at 60-sec. intervals and after 7 da. damp storage 
were exposed to air and tested. Probable minimum compressive strengths computed 
by Graf’s method were compared with test results. Average test strength exceeded 
the computed minimum by 59% and 77% for 2 sets of cubes. The uniformity of 
test results both in compression and in flexure show reliability of concrete pro- 
duced.—A. A. B. 

Consolidation of concrete by vibration. Schweiz. Bauzig. (Switzerland), July 
18, 1931, V. 98, No. 3, p. 43.—Observations that tamped concrete showed uneven 
distribution of strength, caused Bérengier (Paris) to make efforts to develop a process 
for mechanical consolidation of concrete. Tamping of forms is well known but only 
effective when concrete is placed in relatively thin layers. Principle of new method 
involves immersion of bottle-shaped hollow body into soft concrete and vibration of 
this instrument, called pervibrateur, by means of compressed air. It is slowly raised 
as concreting progresses. In case of concrete columns, box-shaped pervibrateur is 
advised which swims on concrete mass and rises automatically. Data on air con- 
sumption are given. (cf. Genie Civil (France), Feb. 21, 1931, V. 99, No. 8.)—A. E. B. 

Winter concreting during construction of new cement plant in Rodaun, 
Austria. Borum. Bautenschutz (Germany), Dec. 1930, V.1, No. 10, 6 p.—Suitable 
precautions were taken in erecting large cement bins during severe frost periods. 
Reinforcing rods and aggregates were protected and cement carefully selected and 
handled. Heating of concrete materials, water, proportioning, mixing and conveying 
of conamte are discussed as well as economy of structure, coal consumption and costs. 
—A. E. B. 

Contracting company expands into ready-mixed concrete. Concrete, Oct., 
1931, V. 39, No. 4, p. 13.—Ready-mixed concrete plant with capacity of 55,000 cu. 
yd. annually was built in 1927 by Fred Schmitt Realty and Investment Co., St. 

uis. Aggregates are delivered to track pit from hopper-bottom railway cars, 
and aevetel to overhead bins by a vertical bucket conveyor. Bagged cement is 
conveyed to mixing floor on sloping belt conveyor. Concrete is supplied in any pro- 
portions specified or on strength basis. Cement and aggregates are weighed and 
water is measured in tank with water control device. Mixers are of 3-yd. half drum 
type, with spiral rotor blade. Truck equipment consists of 24 large units with 
agitator bodies of 3-yd. capacity, and 5 smaller trucks, with agitator bodies, with 
capacities of 1 or 144 cu. yd. All bodies are half-drum side discharge type, with spiral 
rotor blade. A portable chute with funnel-shaped upper end is carried on side of all 
trucks, to facilitate delivery of concrete anywhere within city at a fixed price. Trucks 
with the size mixer required, drive into nearest material yard having weighing batchers 
for correct proportioning, and mix en route to job. In cold weather an oil burner 
heats water in supply tank connected to control tank at mixer. Steam coils in over- 
head bins heat sand and gravel when necessary.—C. B. 
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The highest reinforced concrete chimney in Europe. Zement (Germany), 
Oct. 1, 1931, V. 20, No. 40, p. 892-3.—Reinforced concrete chimney of power station 
in Neuhoff near Hamburg, Germany is 492 ft. high and its diameters are 18 ft. at 
top and 32.8 ft. at base. Foundation of 6400-ton structure consists of 211 42.6 ft. 
reinforced concrete piles. Use of reinforced concrete for chimney construction is 
more advisable from standpoint of heat economy. Brick chimney has much thicker 
walls in which greater heat stresses are liable to occur due to different temperatures 
of interior and exterior of shaft. Ring shaped reinforcing protects structure against 
cracking. Preference is given to construction with sliding forms of Heine system. 
Reinforcement was kept in place by special device attached to forms. With approx- 
imately 8.2 ft. concreted daily, chimney was finished in 4 months. Composition of 
aggregates was carefully controlled. Layer of insulating material between brick 
lining and concrete minimize heat stresses.—A. E. B. 

Experience with the concrete pump. A. KuEeInLoceL. Beton u. Eisen (Ger- 
many), Oct. 20, 1931, V. 30, Heft 20, p. 363-366.—Some figures illustrate service 
given by concrete pumps on various jobs: maximum horizontal distance pumped 656 
ft., maximum vertical distance 148 ft. (different jobs), hourly production of pump 9 
to 16 cu. yd., estimated total yardage pumped to date 196,000 cu. yd. Aggregate, its 
grading, w /e factor and even kind of cement used are important. A mix can only be 
pumped satisfactorily when stream of mortar acts as a vehicle for larger aggregate. 
Whole mix must be so designed that it will retain water with no great tendency toward 
segregation, requiring higher sand content and more water. Apparent reduction in 
strength resulting should not block progress in developing new equipment and 
methods. Finer grade of sand (<0.2 mm.) determines adaptability of mix to pumping. 
Extra water increases flowing quality but reduces strength and plasticity. Some fine 
material must usually be added to counteract evil effect of more water but promote 
flow. A sieve curve shows the grading of fine materials recommended for pump 
concrete in terms of percent: age by weight, of the total loose mass passing various 
sieve openings. Cement used in usual mix is taken into account as fine material so 
curve applies only to aggregate. Practice has shown that addition of small amounts 
of fine material is admissible since pumping increases concrete strength 10% to 
15%. Extra effort required to design a pumpable mix is insignificant when uni- 
formit y, strength and density of concrete and simplicity and economy of method are 
considered.—A. A. 

Welded mesh in reinforced concrete construction. R. HorrMann. Beton u. 
Eisen (Germany), Nov. 5, 1931, V. 30, Heft 21, p. 376-377.—The use of welded mesh 
is finding favor in Germany in highway and building construction. Three advan- 
tages are: greater strength, accurate placing, greater economy. Tests made in 
Hannover and Berlin bear out claim of greater strength. Three illustrations show 
recent structures making use of welded mesh: floor slab in apartment house, barrel 
arched roof slab and cooling tower.—A. A. B. 


The repair of the lighthouse Dornbusch on the island Hiddensee, + 
many. BrRUucHMUELLER. Bautechnik (Germany), March 17, 1931, V. 9, No. p. 
156-61.—A 40-year old brick lighthouse structure showed signs of destructi ion aa, to 
settling of ground and insufficient bond between brick and mortar. New facing of 
poured concrete with reinforcements for permanent repair was constructed and 
examination of finished structure is described.—A. E. B. 

Reinforced concrete transmission masts. R. Mera. Beton u. Eisen (Ger- 
many), Nov. 20, 1931, V. 30, Heft 22, p. 387-389.—In development of transmission 

mast construction, wood with life of 6 to 10 years gave way to steel and about 35 years 
ago reinforced concrete masts came into use. These require no maintenance but 
weight is drawback. Attempts to reduce weight by using hollow or perforated masts 
usually were ineffective as extra cost was more than saving over a solid plain section. 
Process of pouring masts in their vertical position was unsuccessful. As result rein- 
forced concrete masts are usually cast in central plant. For lengths over 50 ft. steel 
masts are usually cheaper. In recent years firm of A. S. Betonmast, Oslo, has patented 
process for casting in place masts of usual heights without scaffold. About 4,000 
masts have been poured 20 to 65 ft. high and designed for top pull of 220 to 15, 000 Ib. 
Wood forms in 15 ft. lengths are used from 20 to 40 times. For height of 50 ft. total 
cost of this type of mast is approximately 75% of similar steel one.—A. A. B. 

The construction of the new tunnel for the water supply of the Ford 
power station near Detroit. H. Griese. Zement (Germany), Nov. 19, 1931, V. 
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20, No. 47, p. 1006-10.—Details of design and construction process are given. Tunnel 

ving, shape and manufacture of precast concrete blocks, intake and tunnel shaft 
are illustrated (cf. Eng. News Rec., Aug. 6, 1931, V. 107, No. 6, p. 202-6).—A. E. B. 

Reinforced concrete waste water basin. W. WaGner. Beton u. Eisen (Ger- 
many), Aug. 5, 1931, V. 30, Heft 15, p. 278.—Zarkau Sugar Refining Co:, to clarify 
waste water before directing it into Oder river, erected a circular reinforced concrete 
settling basin as developed by Borsig Co., Berlin. Basin is of interest chiefly because 
it illustrates adaptability of this material to unusual shapes and conditions. Plant is 
saucer shaped, 79 ft. in diam. and 16 ft. deep at center. Ten walls radiating from the 
small circular machine house and settling well in center divide pool into 10 sections. 
The sediment settles and collects in central well while clear water flows into channel 
built along edge of basin. Soil conditions permitted pouring bottom slab directly on 
ground. A dense concrete was used and all corners were rounded off to resist attack 
by sediment. Surfaces exposed to earth or water were treated with grout wash and a 
double coat of Inertol.—A. A. B. 

Wrapping a cement coating on 66-in. steel pipe. Eng. News Record, Nov. 19, 
1931, V. 107, No. 21, p. 811-814.—Contract has been let for covering about 26 miles 
of pipe line from Hetch Hetchy to San Francisco with wrapping of layer of cement 
mortar 4 in. thick within which are included two layers of fabric, one wire mesh and 
the other cotton cloth. Wrapping machine was developed expressly for this work and 
2 plants put into operation have total capacity of 2,600 lin. ft. in 8 hrs. Sand is run 
through 3%-in. motor-driven screen to a bottom-dump car equipped with scales. 
Sand is dried and weighed. To about 20 cu. ft. of sand are added 10 bags of screened 
cement. Batch is then discharged through hopper bottom onto inclined conveyor 
belt and is elevated to hopper above one end of track used by carriage of wrapping 
machine. Dry batch receives preliminary mixing before water is added. Mortar is 
discharged onto a 12-in. strip of cheesecloth which also carries the wire mesh rein- 
forcing. Cloth is clamped to pipe so as pipe is rotated cloth carries mesh and mortar 
to pipe and wraps them around it, holding mortar in position until mortar sets. 
Mixer moves along revolving pipe so that wrapping is a continuous spiral. Tension 
of fabric produces initial stress of about 10,000 p. s. i in reinforcing and tends to 
= shrinkage cracks. Pipes are coated with asphalt oil to aid effective curing. 


Drilling of steel pipes for construction of wells or pile foundations. Luz 
Daviv. Zement (Germany), Oct. 22, 1931, V. 20, No. 43, p. 939-43.—Very efficient 
process, invented by Waldemar Nocon (Germany), enables driving of steel pipes from 
20 in. to 6.5 ft. in diameter for concrete and reinforced concrete wells and pile founda- 
tions to depths from 33 to 100 ft. Driving power is furnished by hydraulic pump 
provided with manometers which register unexpected obstacles in ground. Process 
can be used for new construction work, replacement of old foundations and driving 
of pipes in inclined positions. Great depths can be reached in short time.—A. E. B. 

The concrete jobs during construction of the North Locks in Bremer- 
haven (Germany). O. MaArRTINSEN. Zement (Germany), Oct. 15, 22, 1931, V. 20, 
No. 42-43, p. 922-6, 943-5.—Germany’s greatest marine building program after war 
has been completed in 31% years time and includes lock with 2 heads and gates, quay 
walls 114 miles long, a swing bridge with turntable foundation and enlargement of 
large ship dock (cf. Report of the 33rd main meeting of German Concrete Association, 
March 17, 1930, p. 324-88; Journat A. C. I., May, 1931, V. 2, No. 9, Abstracts, p. 
267). Handling of enormous quantities of structural materials on very limited site in 
short construction time and on nonuniform underground made work extremely 
difficult. Lock heads, bridge foundation and dock enlargement were built on sound 
rock protected by steel sheet pilings while quay walls and abutments of bridge rest 
on wooden piles. Due to geologic character of underground 15 different cross-sections 
were necessary for quay walls and lock heads. Details of arrangement of sections, 
distribution equipment and towers, working joints, formwork and reinforcements are 
included. Total of 330,000 cu. yd. of concrete was placed, involving interesting 
aggregate plant, concrete proportioning mixing and distribution. Great tonnage of 
blast furnace slag cement and trass as admixture was consumed.— A. E. B. 

The elevated structure of the waste water canal of city of Kiel across the 
Fuhlensee low-lands, Germany. Kircunorger. Zentralblatt d. Bauverwaltung 
(Germany), Aug. 26, 1931, V. 51, No. 35, p. 505-8.-Reinforced concrete pipe line 
rests on reinforced concrete girder bridge 721.8 ft. long with 15 openings. Great 
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difficulties were encountered in placing foundations for bridge piers in marsh soil. 
One of two water pipes is concrete encased cast iron pipe. Description includes 
progress of construction, bridge crossings, dimensions of concrete girders and ex- 
pansion joints. Two main girders are of hinged girder type.—A. E. B. 

The hydro-power development of Poland. H. Hurerzeter. Schweiz. Bauzig. 
(Switzerland), Feb. 14, 1931, V. 97, No. 7, p. 75-9.—Greater projects of interest are: 
construction of locks in river Dunajew near Roznow, Poland, and in Sola river near 
Porobka, hydro-power stations Grodek and Zur in Pomerellen on river Schwarz- 
wasser. Penstock is reinforced concrete twin-pipe of 86.11 sq. ft. opening. Water 
canal was provided with concrete lining with joints filled with grout when final smooth 
cement finish was applied. Intake structure is reinforced concrete building protected 
by steel sheet piling. Reinforced concrete pressure pipes are 164 ft. long, 13.1 ft. 
wide and are divided into 3 sections to prevent shrinkage cracks. Walls are 8.7 in. 
thick; reinforcements are welded together. High quality portland cement was used 
and 2 coatings of Inertol were applied to interior and exterior. Power house was built 
in open excavation. Foundation is solid concrete block. All concrete for intake 
structure, pressure lines and turbine house was placed in planed concrete forms. Four 
street bridges of reinforced concrete were built to replace old structures.—A. E. B. 

The retaining walls at Cherbourg. M. L. Drover. Ann. Ponts chauss. 
(France), July-Aug., 1931, V. 2, p. 61-99.—Work on retaining walls and embank- 
ments of Cherbourg harbour has been continued almost without interruption from 
time first rough wooden cribs in shape of truncated cones were floated out and sunk 
in 1781 until at present time Cherbourg can boast of being a most up-to-date harbor. 
Fused cement was used extensively in recent years. Comparative study was made of 
behavior of different materials and important considerations of design were made 

»ssible by experience of many years. Settling and other displacement are produced 
»y constant shock of waves on interior of infrastructure of a retaining wall.—M. A. C. 


Roaps AND PAVEMENTS 


The road of today. HermMANN Entcortz. Techn. Gemeindeblatt (Germany), 
Sept. 12, 1931, V. 34, No. 17-18, p. 221-8.— After illustrating development of modern 
city and highway traffic, author describes various road construction methods and 
lists their applications for different requirements under traffic. Road problems are 
viewed from standpoint of architect and city builder with special consideration to 
concrete road beds and slabs.—A. E. B. 

Construction of concrete roads. C. Jounson. Canadian Eng., Oct. 20, 1931, 
V. 61, No. 16, p. 12.—While improvement in quality of concrete roads has been 
accomplished in recent years contractor is paying for many of the specification changes 
out of proportion to his share. Too often selection of sand and stone, two extremely 
variable ingredients, is left to the judgment of contractor. Preferably tests of ma- 
terials should be made by engineers of highway departments and information fur- 
nished to contractors. Transit mixed concrete has been used in road construction 
with 7-mile haul. Quality was well in excess of specification but there may be some 
question as to economy of such method.—G. M. W. 

Cemented substructure roads. Le Strade, May, 1931, No. 5, p. 153-154.—In 
type of road construction used in England particularly where heavy grades and horse 
drawn traffic are encountered, side forms are set up for approximately 100 ft., for road 
width of 17 ft. and thickness of 5 in. in center and 3 in. on sides. Approximately 2 in. 
of good gravel is placed and rolled down by a paver roller, then 11% in. of 1:2 cement- 
sand mortar is placed and on it a layer of small gravel up to top of side forms. Paver 
rolling is then continued until mortar comes to surface. The excess mortar is swept 
off and the surface is covered with canvas. Next day canvas is removed and light 
traffic = on section, _ yo Ange | after 4 days. beng | men are required 
to complete about 1,100 sq. ft. per day. Cost is approximate 1.35 per sq. yd.— 
C. G.C. np MN, C. ive sittin ” ° ttt 

The surface cracks in concrete roads and their prevention. Fritz Em- 
PERGER. Schweiz. Bauztg. (Switzerland), March 21, 1931, V. 97, No. 12, p. 141-2.— 
Concrete road consists in general of 4 very different parts: (1) road bed, (2) layer of 
broken stone, (3) bottom concrete and (4) top layer. All 4 layers form a uniform body 
unless precautions are taken to allow for individual movement. Top slabs in European 
practice are thickened at edges and joints. This increases shear stresses in concrete 
enormously. Physical character of the different materials cause unequal expansion 
and shrinkage with changes in temperature and cracks are formed due to excessive 
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stresses. No free movement is possible. Suggestions by Probst and Brandt to place 
Y-in. layer of clay between the 2 concrete layers is criticized and rejected. A 1-in. 
layer of sand protected with paper against penetration of cement is better. Sand 
— oo loosely packed; grains act like rolls on which top slab can easily expand.— 


The concrete highway from Brusendorf to Ragow in Teltow County, 
Germany. Frieprich W. Mve.terR. Betonstrasse (Germany), Oct. 1, 1931, V. 6, 
No. 10, p. 190-3.—Concrete road 18 ft. wide, built with modern road construction 
equipment, rests on water permeable subgrade without gravel bed. Two aggregate 
plants were erected on either side of highway. Dump cars provided with partition 
walls transported exactly-measured quantities of cement, sand and broken stone. 
Concrete of top slab and bottom layer contained 21.8 and 15 lb. cement respectively 
per cu. ft. of concrete. Table shows gradation of aggregates close to site. Best 
composition was 40% sand, 15% gravel and 45% coarse crushed stone. Total 
thickness of concrete slab is 8.6 in.; 2 in. top and 6.6 in. bottom layer, with reinforced 
edges. Automatic mixer and conveyor belt with chute were used. By means of new 
type of road machinery uniform and well packed concrete was obtained. Joints 
were made by placing tar paper in bottom slab and wedge shaped iron bars in upper 
layer. Surface of pavement was protected from too rapid drying out by covering 
with paper impregnated with bitumen and after 24 hr. with soil kept moist until 
complete hardening had taken place. Laboratory tests of concrete specimens are 
reported.—aA. E. B. 

The construction of concrete roads in Argentine Republic, South America. 
Cartos MvuetiErR. Betonstrasse (Germany), Nov. 1, 1931, V. 6, No. 11, p. 213-5. 
Area of concrete covered roads in this country has largely increased during recent 
years. Most of roads have welded wire screen reinforcings. Center of road slabs is 
usually 6 to 6.7 in. thick and increases gradually over 3 ft. width to 10 in. Concrete 
curbs are monolithic with road slabs and are reinforced. Concrete composition for 
entire cross-section varies between 1:1.5:3 and 1:2:4.5. Grading of sand is tabulated. 
Central mixing plants are much in favor. Concrete strength and w/c ratio are 
specified. Proportioning of cement is by weight and of aggregates by volume with 
consideration to their moisture content. Modern concreting methods and equipment 
are employed. Proper preparation and distribution of expansion joints is very im- 
portant on account of climatic conditions. Protection of concrete during hardening 
is essential—A. E. B. 


Reconstruction of Cannstatt highway in Stuttgart, Germany. Mater aNnp 
Ketter. Betonstrasse (Germany), Nov. 1, 1931, V. 6, No. 11, p. 206-13.—Important 
highway was widened to 40 ft. and built in halves, 20-ft. of rolled asphalt and 20-ft. of 
concrete. Concrete section is of 2 layer type. Bottom slab is from 9 to 13 in. thick, 
top is 2%4 in. thick. Transverse joints are spaced 36 and 40 ft. apart. Aggregates 
were proportioned according to sieve curves by Graf. High early strength cement 
used exclusively was tested in laboratory for development of strength at low tem- 
peratures since most concreting work was done during cold weather. New tamping 
method was used with success by placing burlap strips and wooden sticks on top of 
concrete for better distribution of vibrations. Details include installation at site of 
construction, road finishing machines, design of joints, curing of concrete and ex- 
periences with finished road.—A. E. B. 


Concrete road constructions in Kanton Thurgau (Switzerland) during 
year 1930. L. Witp. Betonstrasse (Germany), Oct. 1, 1931, V. 6, No. 10, p. 198-200. 
—Concrete highway between Arbon and Romanshorn, Switzerland, runs through 
mountain region and has many curves. Heavy truck traffic made use of concrete 
advisable. Single layer type was decided on for economic reasons. Subgrade was 
very hard and in perfect condition. Concrete slab is 18.7 ft. wide, 4.3 in. thick in 
center and 5 in. thick at sides. It is provided with \%-in. reinforcements. Con- 
struction process is described. Concrete showed very dense structure in general. 
Joints were made every 33 to 40 ft. by new ingenious method.—A. E. B 


Progress of concrete highway construction in Ruesselsheim, Germany. 
PreirFer. Betonstrasse (Germany), Oct. 1, 1931, V. 6, No. 10, p. 193-5.—-First part 
of road ng program was reported in previous paper (cf. Betonstrasse (Germany), 
April 1, 1931, V. 6, No. 4). Concrete road consists of 2 layers. Top layer is 2 in., 
bottom 6 in. thick. Edges of latter are reinforced and their thickness increases to 7.9 
in. over 32 in. width. Concrete for bottom layer had earth-moist consistency and 




















ABSTRACTS January, 1932 123 


water content of 5.5%. Aggregates consisted of 34% pebbles (0.4 to 1.4 in.), 26% 
broken basalt (0.6 to 1 in.) and 40% sand (0 to 0.3 in.). Top layer was placed in 
plastic condition; aggregates were 45% river sand (0 to 0.3 in.), 25% broken granite 
(0.2 to 0.6 in.), 10% broken basalt (0.6 to 1 in.) and 20% broken basalt (0.1 to 0.2 
in.). Part of concrete road was provided with welded steel wire screen reinforce- 
ments. Transverse joints were spaced at 19.7, 26.3 and 29.5 ft. Concrete was care- 
fully protected during hardening period. Concrete mixture was controlled by 
means of test cubes and beams broken at Institute for Testing Materials of Tech- 
nical University in Darmstadt—A. E. B 

Improvement of paved roads. M. Bepaux. Ann. Ponts Chauss. (France), 
July-Aug., 1931, V. 2, p. 18.—Different methods were employed in improvement 
of public roads in South East portion of the Departement de |’Oise adjoining Paris. 
Comparative study showed different methods vary in cost from 7 to 105 francs per 
square meter. Former consists of scarifying followed by rolling; latter comprises 
complete rebuilding of sand and gravel road, including cost of new materials and 
labor for tearing up old surface and preparing new. Rebuilding road with new con- 
crete base 6 in. thick, using broken up material for aggregate, and giving it a mosaic 
surface coat brings the cost to 70 frances per sq.m. Prices quoted were agreed upon 
by contractors.—M. A. C 
SEWERS 

Precast concrete pipe sewers exceed designed capacity. Emerson C. Hat- 
Lock. Concrete, Nov., 1931, V. 39, No. 5, p. 15-16.—The trunk line sewers for the 
Westchester County (N. Y.) Sanitary Sewer Commission follow, for the most part, 
along the Mamaroneck River, Mamaroneck reservoir, and the Beaver Brook stream, 
crossing streams at several points. Lines are laid from 3 to 5 ft. below stream bottom 
so connections can be made under them from either side. Most of the sewers laid 
were from 24 to 66 in. diameter. Eight foot lengths of 24 to 66-in. precast rein- 
forced concrete pipe were laid on a concrete cradle, with crushed stone and a vitrified 
tile underdrain, 66,000 ft. being built. For testing, a 4-ft. internal head was placed 
on all concrete pipe before backfilling. An asphalt-asbestos composition and thick 
continuous strand of jute were used to calk joints in laying sections. Joints were 
filled tight from inside with 1:1 mortar and with burlap around outside joint was 
poured with a thin grout. Concrete cradle was placed before making up joints to 
prevent settlement after joints were completed.—C. B. 
WATERWORKS 

Experiments in gunite control at Syracuse reservoir. E. P. Stewart. Eng. 
News Record, Nov. 19, 1931, V. 107, No. 21, p. 807-810.—Experiments in laboratory 
and in field construction of lining for the Wescott reservoir of Syracuse, N. Y., water 
supply system disclosed relations between strength and absorption and the nozzle 
velocity, cement-water ratio and fineness coefficient of sand. The reservoir is 1,090 
ft. long, 250 ft. wide, and 40 ft. deep with inside bank slopes of 1 on 2. A 1-in. layer 
of gunite was placed, then reinforcing, consisting of 6 by 6-in. No. 1, galvanized steel 
wire, and lastly, a 2'4-in. layer of gunite. Laboratory experiments had for variables 
nozzle velocity, water-cement ratio, and fineness modulus of sand. In conducting 
investigation, it became necessary to devise a velocity meter, and also to develop 
extensive technique. Typical curves shown indicate following conclusions. (1) 
Maximum strength is obtained with nozzle velocity of 375 f. p..s. (2) Optimum 
water-cement ratio is 0.55-0.65 for similar sand. (3) Fineness coefficient bears 
definite relation to strength of gunite. (4) Lower limit of 4,000 p. s. i. for gunite seems 
reasonable. Other factors which need investigation are effect of nozzle velocity on 
production of guns, proper distance of nozzle from work, and effect of fineness co- 
efficient on optimum nozzle velocity.—G. M. 


SuHop MANUFACTURE 


Profitable manufacture of concrete building units. Frep A. Sacer. Con- 
crete, Nov., 1931, V. 39, No. 5, p. 25-30.— Records shown as Forms | to 11 make use 
of a Standard Figuring Book, with seven triple columns wo 10 by 12-in. page. Entries 
in the records shown are from original sources of information. Forms 1 to 4 have to 
do with raw materials and show receipts, use and stock on hand for these items. Form 
5 is record of block or finished product. Summary of Manufacture and Sales is shown 
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as Form 6. Form 7 collects for year totals of months from Form 6 and adds totals of 
quantities of raw materials used. This form shows volume of manufacture and sales 
in units by months and for year, and sub-totals can be carried showing year to date 
if desired. Form 8 shows the cost of manufacture by days for month. Form 9 shows 
the daily profit or loss from sales. The payroll record is usually kept in the regular 
form of payroll book, unless payment is by check, when Form 10 may be used. If all 
forms shown were adopted and set up in 7-column, 10 by 12-in. page suggested, 160 
pages would be required.—C. B. 

Building a market for cast stone Concrete, Nov., 1931, V. 39, No. 5, p. 7-9. 
When Blue Jay Concrete Products Co. of Madison, Wis., undertook the manu- 
facture of concrete cast stone in 1926, potential market in Madison was considered a 
favorable factor. Use of natural cut stone had always been much greater than in the 
general run of American cities of same size, due to its being state capital, seat of state 
university. Sales resistance was gradually overcome by promoting concrete cast 
stone with architects and other leaders in building industry. Management has 
always adhered to policy of emphasizing quality. Samples were left at architects’ 
offices and density and consequent low absorption pointed out, both by means of 
test reports and common-sense visual observation. Company took view that its 
product was superior to—not cheaper than—cut stone and avoided foolish effort for 
production volume regardless of profit.—C. B. 
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Surface tension as related to the plasticity of cement pastes. W. E. 
HaskeELiL. Rock Products, Oct. 24, 1931, V. 34, No. 22, p. 54-55.—Author tested 
commercial mixture, brown liquid, found to be an organic lycophilic colloid of protein 
origin colloidally dispersed in water. Addition of 2% reduced surface tension of 
water from 72.8 to 62.2 dynes and further additions to 4% did not decrease it below 
61.1 dynes. Cement paste was made with water containing this solution m amounts 
from 0 to 4%. Penetration of Vicat needle in paste without admixture was normal 
10 mm. in 30 sec. With 1% of admixture it was 16 mm. and with 2, 3, and 4G it was 
17 mm. in 30 sec. Lowering of surface tension of water increases plasticity and such 
lowering may be obtained by commercial admixture. In concrete even smaller 
additions of admixture would be sufficient.—E. 8. 

AGGREGATES 

Best Bros. revamping Sun City operations. Pit and Quarry," Dec. 2, 1931, 
V. 23, No. 5, p. 17..-Extensive improvements are described. All lime rock is now 
won by underground mining from a 22-ft. bed. Standard-gauge replaces narrow- 
gauge trackage and aerial tramway for intraplant transportation. One large single- 
roll crusher succeeds two primary and two secondary crushers.—<A. J. H. 

New oe plant of Inland Lime and Stone Co. Rock Products, Oct. 10, 
1931, V. 34, No. 21, p. 33-43.—At plant at Port Inland, Mich., designed for 2,000,000 
tons per yr., all screening is on roll grizzlies and vibrating screens. Primary crusher 
is 60-1n. gyratory.—E. 8. 

Modern slag crushing plant. Rock Products, Sept. 26, 1931, V. 34, No. 20, p. 
32-38. Plant of Duquesne Slag Co., Pittsburg, Penn., is only 11% mi. from center of 
city and can serve large local m: arket by truck. Plant contains modern ideas for 
production of aggregates including accurate grading and combining of separated 
sizes to any desired proportions.—E. 8. 

Medermiatng sand and gravel production. Rock Products, Oct. 10, 1931, V. 34, 
No. 21, p. 68-71.—-New steel and concrete plant ot McGrath Sand and Gravel Co., 
Chillicothe, lll., has 15-in. dredge, dewatering elevators and a washing plant of un- 
usual design. T he three sizes of gravel made may be rewashed over vibrating screens 
before being loaded.—E. 8. 

Engineering applied to gravel plant of relatively small capacity. Rock 
Products, Oct. 24, 1931, V. 34, No. 22, p. 17-20.—Plant of North Cincinnati Sand 
and Gravel Co., costing $60,000, was designed with same care as for outlay several 
times as much. Digging is by cableway excavator. Vibrating screens are used 
throughout.—E. 8. 

Improving quarry transportation. G. D. Fraunreiper. Rock Products, Oct. 
10, 1931, V. 34, No. 21, p. 62-64.—General Crushed Stone Co., had analysis made of 
quarry transportation at North LeRoy, N. Y., plant and improved it to raise produc- 
tion from 300 to 400 tons per hr. The track layout was improved then loading and 
moving of cars and unloading at crusher were made separate operations, not de- 
pendent on any definite cycle or time element or crusher capacity.—E. 8. 

North American Cement Co. also markets variety of limestone products. 
M. F. Beisper. Pit and Quarry, Dec. 30, 1931, V. 23, No. 7, p. 63-66.—A description 
of quarry and plant operations at Martinsburg, W. Va., where this company manu- 
ree I commercial crushed stone, pulverized stone, lump lime and hydrated lime. 

i S.4 

Principles of washing applied to crushed stone. EpMUND SuHAw. Rock 
Products, Oct. 24, 1931, V. 34, No. 22, p. 21-26.—Most efficient method removes 
most clay with least water. Washing on screen is highly efficient, applied only to 
coarse materials. For washing fines most efficient method is countercurrent washing. 
Washing by settling out and decanting muddy water to waste with rinses to waste is 
slow and very expensive in water. Scrubbing should not be carried beyond removal 
of clay as more injures product by grinding. Clay balls are best removed in specially 
designed machines. In designing and operating washing plants all washers are 
classifiers and areas must be right to neither settle unwanted fines nor overflow fines 
wanted in product.—-E. 8. 

The aggregate industry in Kansas City, Mo. Wavrer B. Lennart. Rock 
Products, Sept. 26, 1931, V. 34, No. 20, p. 17-39.— District has no gravel deposits. 
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Limestone is largely produced by mining using electric shovels and trucks under- 
ground. Sand is dredged from Kaw and Missouri rivers.—E. S. 

Effect of grading of aggregate on workability of concrete. Stanton WALKER. 
Natl. Sand Gravel Bul., Nov., 1931, V. 12, No. 11, p. 9-14.—Conelusion by F. H. 
Jackson and W. F. Kellermann that workability of concrete was greatly reduced 
by decreasing maximum size and at the same time increasing amount of fines 
in gravel coarse aggregate, was based on observation of appearance of concrete and 
amount of honeycombing found in concrete slabs, using 2 sizes of gravel 4 to 21% in. 
and \ to 14 in., and same series of arbitrary proportions for both sizes of materials. 
Some causes for differences were found. Comparisons of surface areas of the two 
gradings show wide difference and seem to offer one reason for difference in work- 
ability—percentage of honeycombing of the 2 gradings show good relationship to 
simple function of surface area. Fineness modulus method of proportioning throws 
light on reason for differences in workability and indicates that they were to have 
been expected for proportions used. Important fundamental rule in application of 
fineness modulus to selecting proportion of different sizes of aggregate, not generally 
known and rarely applied, is the following: Fineness modulus of that portion of the 
total aggregate finer than any size shall not be greater than maximum permissible for 
that size and for mix in which material is used. With reference to differences in 
modulus of rupture, investigation under discussion involved only 1 gravel and 1 
crushed stone. Relationship found between these 2 materials does not represent a 
general one, a reversal of conditions might readily have been obtained by use of 
different materials.—P. M. 


CEMENT 


The utilization of hydraulic cements. L’Age Ciment, Oct., 1931, No. 1, p. 
5-18.—Summary is given of progress in hydraulic cement industry up to 1914, with 
more detailed review of advances since 1914. Main advances are: strengths have 
more than doubled, rate of attaining strength has increased, and fused cement was 
discovered. This cement differs from others in composition—having monocalcium 
aluminate as essential constituent. Unlike portland cement it is resistant to sulphate 
and sea waters. It gives greater hardness and strength to concrete than other 
cements. Progress in manufacture is outlined. Main change in the composition was 
increase in proportion of lime.—J. M. 

German standard specifications for cements. Cement and Cement Manuf. 
(England), Sept., 1931, V. 4, No. 9, p. 989-991.—The new specifications for cements 
contain a revised scheme of chemical analysis. A summary of the methods and re- 
quirements are here given.—J. C. P. 

The importance of chemical analysis in determining the rational com- 
position of portland cement. O. F. Honus. Cement and Cement Manuf. (Eng- 
land), Sept., 1931, V. 4, No. 9, p. 992-1000.—Method of computing compound com- 
position of a cement from its chemical analysis is explained, and illustrated by two 
examples, first showing approximate amounts of major compounds, second taking 
account of free lime, free silica, sulphur trioxide, carbon dioxide and alkalis. The 
compound composition of 11 cements and their crushing strength in 1:3 mortar at 
different ages were determined. The 28-da. strengths were plotted against tricalcium 
silicate content, and fair correlation was found. Departures were in part explained 
by differences in fineness and assumed effects of other compounds. Author believes 
that research of this nature will explain the manner and extent to which tricalcium 
silicate is affected by other compounds.—J. C. P. 

Effect of temperature on the setting time of portland cement. F. Wuir- 
wortH. Cement and Cement Manuf. (England), Sept., 1931, V. 4, No. 9, p. 1001- 
1002.—To obtain data on effect of heat on setting time of portland cement, a cement 
containing 1.8% SO; was heated to temperatures ranging from 100 to 600° C. for 30 
min., and after being allowed to cool in air, setting time tests were made. Unheated 
cement was slow setting and no difference was noted by heating at 100°. At 150° C. 
false set or rapid stiffening developed, but there was no change in final set. Heated 
to a little over 200° C. a true quick set developed (initial 6 min., final 10 min.). At 
approximately 500° C. cement again became normal setting. These changes are 
shown to bear definite relation to transition points in heated gypsum, first (at 110 
C.) being a conversion of gypsum to plaster of paris, second (at 200° C.) conversion 
to anhydrite of very slowly soluble type, and third (at about 500° C.) conversion to 
readily soluble form. Thus author finds recrystallization of hemi-hydrate is most 
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reasonable explanation of false or hesitation set in cement, and quick setting cement 
results when the gypsum is converted into insoluble anhydrite by overheating. — 
| oa 

A method for determining cement fineness. C. F. Pinkerton. Rock 
Products, Oct. 10, 1931, V. 34, No. 21, p. 72.—Twenty g. cement is sieved by holding 
covered sieve and pan on knee horizontally, striking pan about 150 times per min. 
with left hand and turning about 1/6 revolution with right hand. After 5 min. of 
this clean under surface of sieve with brush, without removing cover, and tap to re- 
move dust. Sieve 3 min. and repeat and then 1 min. W eigh residue, apply correction 
factor found by sieving cement of known fineness in same way, and record.—E. 8. 

Setting and hardening of portland cement. A.C. Davis. Cement and Cement 
Manuf. (England), Aug., 1931, V. 4, No. 8, p. 893-9.—The author first reviews the 
crysts ullization and colloid: il theories of setting and hardening, indicating that ideas 
of LeChatelier (Solution followed by cry stallization) have never been refuted. He 
then discusses tendency toward higher limed, quicker hardening cements, calling 
attention to apparent anomaly of going to higher cost of grinding and burning such 
cements, only to find that in the end lime hydrate formed by hydrolysis is a diluent. 
Then follows a discussion of the setting qualities of the clinker as affected by gy psum, 
the use of steam, wetting the hot clinker, etc., and of the probable causes of ‘‘false’’ 
set, and reversion to quick set which sometimes occurs after storage. Quick setting 
is sometimes associated with “hot’’ or “fresh”? cement, which has no foundation in 
fact, and author refers at some length to studies by Dept. of Scientific and Industrial 
Research, in which use of cement at temperatures up to 122° C. was found to have no 
injurious effect. Finally the distinction between quick setting and quick hardening 
is illustrated by reference to the compatative behavior of standard and high early 
strength cements, with mention of Apceeres and Hubbell’s experiments on the rate 
of hydration of these two types.—J. A 

Modification of the physical ti of cement produced by carbona- 
"7" F. L. Brapy. Cement and Cement Manuf. (England), Oct., 1931, V. 4, No. 10, 

1105-1109.—General discussion of possible physical changes in mortar or concrete 
ad carbonation of calcium hydroxide is followed by presentation of data on effect of 
storing mortar bars in CO,-free air and in CO,. Bars were made of ordinary portland, 
rapid hardening portland and high alumina cement. At the beginning a slight ex- 
pansion was noted for all bars stored in COs, but thereafter shrinkage of bars in CO, 
exceeded that of bars stored in air. For latter a slight loss in weight was noted, for 
former a gain. These phenomena may bear some relation to crazing on exposed con- 
crete surfaces, and may also indicate the necessity for controlling the CO. content of 
air in which specimens are stored for observ: utions of shrinkage. The evidence thus 
far is that COs acts not only upon Ca(OH)s, but also to some extent on cement 
hydrates, thus changing volume of gel as well as its composition.—J. C. P. 

Progress in cement research during 1930—I. O. F. Honus. Cement and 
Cement Manuf. (England), Oct., 1931, V. 4, No. 10, p. 1110-1114.—Beginning a serial 
of which this first chapter discusses progress in chemistry and composition of cements 
under three headings (1) Analytical, (2) Lime, silica, clay, calcium silicates, <i een 
and ferrites, (3) Synthesis, constitution and petrography of cements.—J. C. I 

The hardening of pomeae cement. F. F. Tippmann. Cement and Cement 
Manuf. (England), Oct., 1931, V. 4, No. 10, p. 1115-1128.—New theory of hardening 
is based on microse opie evidence that calcium hydroxide formed by hydrolysis of 
silicates is crystalline and not amorphous. Principal conclusions are: (1) Final 
products of hydrolysis of calcium silicates are silica gel and Ca(OH)». (2) In cement 
mortars properties of hydration _— are entirely different from those obtained 
with great excess of water. (3) Calcium hydrosilicates are not found in hardened 
cement, in either crystalloid or colloidal form. (4) Whole of hydrolytically formed 
Ca(OH), in cement mortars exists in the crystalline modification. (5) Hardening 
effect of portland cement depends upon ideal cooperation of colloidal silica and 
crystalline Ca(OH)», the latter being most plentiful and most important ingredient 
of hardened cement. (6) Gypsum expansion is due to over-abundant crystallization 
of Ca(OH)s, as result of which available quantity of silica gel is inadequate. On other 
hand it is possible to make unsound cement sound by addition of gypsum, which acts 
by transforming the amorphous Ca(OH), into crystalline modification. me 

League of Nations reviews world cement output as depression barometer. 
Pit and Quarry, Dec. 30, 1931, V. 23, No. 7, p. 69.—Discusses salient features revealed 
by a survey of the world’s cement situation.—A. J. H. 
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Pack-house facilities aid in economical distribution of cement. Pit and 
Quarry, Dec. 2, 1931, V. 23, No. 5, p. 37-42, 58.—Washington, D. C., pack- house of 
Lone Star Cement Co., Virginia, Inc., is operated i in conjunction with company’s mill 
at Norfolk. Bulk cement is transported to Washington storage and packing plant in 
motorless steel barge of 5,600 bbl. capacity. Much cement is sold in bulk chiefly in 
dry-batch trucks for paving and location-mix jobs.—A. J. H 

Method of analysis of portland cement and the raw materials of which it 
is made. Frank C. Moran. Rock Products, Sept. 26, 1931, V. 34, No. 20, p. 44-45.- 
Author gives methods in such detail that a new analy st may proce ceed without fear of 
neglecting anything that might seriously affect the final results. Many details of 
manipulation are given for this and other analyses, with full directions for standard- 
izing solutions.—E. 8. 

A study of factors which determine the maximum lime in cement clinker. 
EvuGene Geary. Pit and Quarry, Dec. 2, 1931, V. 23, No. 5, p. 49-50, 64.—Relates 
researches as to effects of variable contents of tricalcium silicates, tricaleium alumi- 
nates, iron oxide, and magnesia, and the proportioning of gypsum. For best results 
in high early-strength cement, the raw mix must be very fine and mix must be so 
controlled that lime content is just below the minimum that results in free lime. 
Silica-alumina ratio must be low.—A. J. H. 

Tariff on cement to remain unchanged; pleas of producers ignored. /7/ 
and Quarry, Dec. 16, 1931, V. 23, No. 6, p. 25-26.—Review of findings of U. 8. Tariff 
Commission in its investigation as to costs of foreign and domestic manufacture, of 
transportation to principal American markets. Discusses President Hoover's 
approval of commission’s report which states that an import tariff of 6¢ per cwt. 
substantially equalizes differences.—A. J. H 

Precipitators collect over 90 tons of dust daily in this cement mill. P. E. 
LANDOLT. Pit and Quarry, Dec. 16, 1931, V. 23, No. 6, p. 27-28.—Late in 1930 North 
American Cement Corp. completed installation of Cottrell equipment in its plant at 
Security, Md. This rod-curtain precipitator handles the dust from five kilns, driers, 
elevators, conveyors and raw grinders, 90 tons being collected during an average 
daily production of 3,500-bbl. clinker.—A. J. H 

Future developments in cement manufacture. RupoLPH ZOLLINGER. Cement 
and Cement Manuf. (England), Aug., 1931, V. 4, No. 8, p. 882-4.—-In comparing shaft 
kiln and rotary kiln operations, the former shows greater heat economy but has 
limited output; the latter has more unfavorable heat balance, but costs less for wages 
and power for large output. Shaft kiln has already attained its maximum efficiency, 
but rotary kiln has an important future in improved utilization of its available heat. 
Direct use of waste heat for preheating air, drying coal, slurry, etc., is suggested. 
Another possibility is to utilize uni-directional principle by having a kiln in two 
portions, one above the other. Gases from lower portion pass into the upper with 
slurry feed, where drying and partial calcination is effected. This material feeds into 
lower portion, and clinker is discharged at opposite end to burning platform. The 
future may even see a burning appliance in which cement is produced in flame itself, 
as by-product of power plant in which boilers are fired with mixture of low grade fuel 
and cement raw material.—J. C. P 

A new cement works in Switzerland. F.F.TippMan. Cement and Cement 
Manuf. (England), Aug., 1931, V. 4, No. 8, p. 885-892.—Illustrated description of an 
Andreas plant built for the Portland Zementwerke Hausen, A. G., at Hausen in the 
Swiss Jura, completed in August, 1929. A feature is combination ‘of shaft and rot: ary 
kilns for dealing economically with variations in demand. Present capacity is 500 
tons, but provision is made for doubling this in the future—J. C. P. 

High efficiency shaft kiln burns clinker of normal quality. Concrete, C. MV. 
S., Dec., 1931, V. 39, No. 6, p. 53-55.—Microsecopic sections of clinker produced by 
old type shaft kiln with briquetted raw meal, and by modern shaft kiln from un- 
briquetted raw meal are shown photographically. Fine distribution of clinker mineral 
particles and liberal presence of hydraulically active substance, which is similar 
throughout to normal clinker from the rotary kiln, is apparent. This satisfactory 
clinker is produced in new plant of Portland Zementwerke Hausen, A. G., at Hausen, 
Switzerland, where | rotary and 2 shaft kilns have been installed with provision for 
1 and 2 more respectively.—C. B. 

Content and soundness of cement with raw 2 ye high in SO,. Kar- 
suzo Koyanaat. Rock Products, Oct. 10, 1931, V. 34, No. 21, p. 72-73.—Author gives 
experience with cement from materials containing 0.80-0. ahh % SO;. If atmosphere 
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of kiln is completely oxidizing sulphate sulphur in raw materials affects the soundness 
of cement very little although it harms strength very much. SO; in clinker is not the 
factor that makes cement unsound.—E. $ 

Automatic kiln feed control system creates uniform clinker. Concrete, 
C.M.S., Dec., 1931, V. 39, No. 6, p. 49-51.—A kiln feed control system that regulates 
rate of slurry feed to six rotary kilns in plant of the Superior Portland Cement, Inc., 
at Concrete, Washington, is comparatively new in cement mill field. Magnetic 
clutch, inserted in drive of slurry feeder is periodically engaged and disengaged so 
feeder makes a certain number of turns, and then stops until kiln has completed a 
predetermined number of revolutions.—C. B 

Portland cement. Hau GutreripGe. Structural Engineer (England), Nov., 1931, 
V. 9, N. 11, p. 358-67.—In effort to give structural engineer practical knowledge of 
manufacture of portland cement, combinations of raw materials in use in United 
Kingdom, Canada and United States are discussed. Manufacture of p. c. by wet and 
dry processes is taken up briefly at first and then in detail from quarrying to packing, 
power, and chemical control. Comparison is made of cement production throughout 
the world.—V. P. J. 

Causes of discoloration of clinker and its effect on soundness and strength. 
Katsuzo Koyanagi. Rock Products, Sept. 12, 1931, V. 34, No. 19, p. 68-69.—The 
author quotes Kiihl, that clinker is discolored by reduction of ferric to ferrous oxide 
which cannot combine with lime; that discolored clinker is overlimed and unsound. 
Discoloring by quenching in water gave normally sound and strong cement. Clinker 
discolored by direct reduction became unsound and showed much lower strength. 
Clinker discolored by overburning contains ferrous oxide but cement is sound and 
strong. State of oxidation of iron is not responsible for discoloration of clinker on 
quence hing; ferrous oxide does not always affect soundness and strength of cement. 

E. S. 

Studies on hydrothermal synthesis of calcium silicates under ordinary 
pressure. Part 2. SHorcuiro Naaart. Kogyo Kwagaku Zasshi, Journal of Soc. 
Chem. Ind. (Japan), Nov., 1931, V. 34, Supplemental Binding No. 11, p. 418-22B.—In 
continuance of previous studies (cf. Kogyo Kwagaku Zasshi, Journal of Soc. Chem. 
Ind. (Japan), Oct., 1931, V. 34, Supplemental Binding No. 10, p. 378-81B) this paper 
deals with sy nthesis of calcium silicates from mixtures 3C: 10: SiO, and CaOQ:2810, 
under ordinary pressure and by longer heating. Hydrothermically treated products 
were examined for combined and uncombined lime and silica, combined silicates and 
molecular ratio CaO:SiO.. In ease of 3:1 mixture, ratio is greater than 1.5 even at 
as low as 1112° F. and increases from 1292° to 1472° F. When CaO:2SiO, mixture is 
heated, only a small amount of CaO.SiO: is produced at 1112° to 1292° F. and grad- 
ually changed to 3CaO.2SiO. between 1472° and 1652° F. Additional studies are 
made with mixtures CaO:SiO., 2CaO:SiO. and 3CaO:SiO. under ordinary pressure 
and longer heating. Dicalcium silicate is formed from 2CaO:SiO» mixture by heating 
at 1472° F. for longer time while 3CaO.2SiO, is not produced by heating at 1832° F. 
for longer time. Similar results were obtained with 3CaO:SiO, mixture.—A. E. B. 

Researches on the rotary kiln in cement manufacture. Part 26-29. 
GEOFFREY Martin. Rock Products, Sept. 12, 1931, V. 34, No. 19, p. 54-59.—Tem- 
perature tables of exit gases of kiln when moisture of slurry varies from 40% to 0% 
are presented. Conclusions are: (1) Correct way to increase efficiency of kiln is to 
concentrate on making hot end more efficient. (2) Economic limit of use of waste 
heat boilers is governed by moisture in slurry. (3) Definite lower limit to kiln 
efficiency is reached when efficiency of hot zone is too low for clinkering temperature. 
V. 34, No. 20, p. 40-43.—Tables show steam producible at 150 lb. pressure per |b. 
clinker with slurry moistures from 0 to 40%, with entering air heated to increasing 
temperatures by outgoing clinker. The more efficient the kiln the less steam is 
producible per lb. clinker. For equal fuel consumptions amount of steam increases 
rapidly as slurry moisture decreases. Even in modern kilns, with slurry aoe 
as high as 40%, a large amount of high pressure steam is producible. V. 34, No. 2 


SB 


p. 44-47.— Design of water- and fire-tube waste heat boilers to follow rotary kilns are 
discussed. In fire-tube type, speed of gases is higher which carries dust through 
tubes. Efficiency of ay oa designed boilers enormously exceeds that of older 
types. V. 34, No. 22, p. 27-33.—Calculations are made of heat content for gases of 
given chemic al semnguiien, Theories of waste heat boiler design were verified by 
experimental waste heat boiler plant at Swanscombe, Eng. With gas temperatures 
as low as 700° F. enough steam could be made for nearly half works’ power require- 
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ment. In general, 100 tons cement produced 50 tons high pressure steam. Tables 
show it is economical to burn more coal than clinker requires to make steam. Descrip- 
tions are included of waste heat boiler installations in various countries and of condi- 
tions under which installation of boilers would not pay.—E. 8. 

New investigations about hydration of portland cement. Part 9 and 10. 
Hydration of calcium aluminate in portland cement. Karsuzo Koyanaai. 
Kogyo Kwagaku Zasshi, Journal of Soc. Chem. Ind. (Japan), Nov., 1931, V. 34, 
Supplemental Binding No. 11, p. 452-9B.—Author continues previous research (cf. 
Kogyo Kwagaku Zasshi, Journal of Soc. Chem. Ind. (Japan), Aug., 1931, V. 34, 
Supplemental Binding No. 8, p. 294-8B. Journat A. C. I., Nov., 1931, V. 3, Ab- 
stracts, p. 52; Zement (Germany), Nov. 5, 26, 1931, V. 20, No. 45, 48, p. 968-73, 
Journa A. C. I1., Jan. 1932, V. 3, No. 5, Abstracts, p. 102.)—A. E. B. 


MISCELLANEOUS 


Non-metallic mineral resources of Arkansas. G. C. Branner. Pit and 
Quarry, Dec. 16, 1931, V. 23, No. 6, p. 40-46.—The state geologist explains the occur- 
rences of various raw materials required in cement manufacture, and cites the pro- 
ductions of the cement plants within the state.—A. J. H. 

Is the recovery of carbon dioxide from rotary kilns feasible? AMAN Moore. 
Pit and Quarry, Dec. 2, 1931, V. 23, No. 5, p. 28-30.— Profitable commercial recovery 
is impossible except with kilns that are at least 400 ft. long in order that temperatures 
may lower and much dust be dropped before gases enter flues. Correct treatment of 
gases is outlined. There are no patents to prevent any company from making gas-ice. 


Non-metallic resources and their development in Florida. HERMAN GUNTER. 
Pit and Quarry, Dec. 2, 1931, V. 23, No. 5, p. 31-36.—Author describes deposits of 
limestone, clay and gypsum, and explains that Florida Portland Cement Co. derives 
its rock and clay for wet process from Hernando county.—A. J. H. 


PROPERTIES OF CONCRETE 


Effect of time in transit on strength of ready-mixed concrete. Lewis A. 
Perry. Pit and Quarry, Dec. 30, 1931, V. 23, No. 7, p. 31-34.—Discussion of previous 
article by W. A. Slater, relates records obtained by author in using a mixometer. 
Analyses are presented of rate of water feed, period of mix, stiffening, grading of 
asepegates and their probable segregation during mix, slump tests, and w/c ratio.- 

Density and durability of mortar under water. A. Povutsen.  IJngenioren 
(Denmark), 1931, No. 39, 5 p.—Author reports effect of trass, puzzolana and similar 
materials on density and durability of mortar and concrete and illustrates superiority 
of such materials for marine structures.—A. E. B. 

Agitated concrete; a new process for increasing strength, density and 
efficiency of concrete. WrERNEKKE. Bauwmaschine (Germany), 1931, No. 315, p. 
32-4.—Effect of mechanical agitation upon physical properties of concrete and 
methods used by Freyssinet are described.—A. E. B. 

The practice of systematically designed concrete mixing. OTTOKAR STERN. 
Zeitschr. Ostr. Ingen. Archit. Vereins (Austria), Nov. 27, 1931, V. 83, No. 47-48, p. 
346-9.—Supplemental report discusses theory of author (cf. Ostr. Bauztg. (Austria), 
1930, No. 27, 30, 32, 34, 35; Zettschr. Ostr. Ingen. Archit. Vereins (Austria), Aug., 
1930, V. 82, No. 31-34, p. 255-7, 269-72; Journat A. C. I., Nov., 1930, V. 3, No. 3, 
Abstracts, p. 68) and recent improvements and practical application by Bolomey. 
Definition of consistency is given and its relation to concrete compounds illustrated. 
Work on w/c ratio and concrete compressive strength by Abrams is discussed. 
A. E. B. 

Use of concrete in the construction of columns, piles and walls. L’Ag 
Ciment, Oct., 1931, No. 1, p. 18-33.—Advantages of concrete piles and walls over 
those of wood and metal are: greater durability, low cost of maintenance, and better 
appearance. Precautions are given for good casting and in use of finished products. 
The following are described in detail: wooden forms of reinforcing and methods of 
reinforcing; types of columns and piles, with dimensions; telephone poles.—J. M. 

The durability of concrete. C. H. Scooter. Kansas State College Eng. Exp. 
Sta. Bul., No. 28, July, 1931.—Primarily a progress report on investigation of dur- 
ability of concrete and concrete aggregates, with typical illustrations from results of 
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field investigations of typical structures in Kansas. Mainly field exposure and 
laboratory freezing and thawing investigations were conducted. Field specimens, 
10 x 10 x 30-in. blocks were planted in 1925 in various Kansas rivers. Leaner mixes 
were badly disintegrated after 5 yr. Laboratory tests were on small specimens, 3 to 
4 cycles of freezing and thawing per da. Difficulty was experienced in finding suitable 
method by which relative disintegration can be measured. Conclusions: durability 
is greatly affected by quality of cement paste; w/c ratio of 0.8 or more is not likely 
to give concrete of adequate durability under severe conditions of exposure—N. M.N. 
ENGINEERING DESIGN 
BRIDGES 

Mountain St. Bridge, Montreal. Canadian Engineer, Oct. 27, 1931, V. 61, No. 
17, p. 13.—Bridge consists of combined steel and concrete structure of ten plate girder 
spans with concrete piers and abutments. Deck and sidewalk slabs are of concrete 
having a compressive strength of 3000 p. s. i. A 2500-lb. concrete was used in re- 
mainder of work. All exposed concrete surfaces are treated with two coats of a 
waterproofing of natural concrete color. Structural steel below sidewalk level was 
given a two inch coating of “Gunite” with mesh reinforcement. Concrete work ex- 
posed to locomotive gases is protected by asphalt.—G. M. W. 

The application of the equivalent loading curve for bridges. G. H. Har- 
GREAVES. Conc. Constr. Eng., Dec., 1931, V. 26, No. 12, p. 660-70.—Paper explains 
application of equivalent loading curve issued by ministry of transport. Application 
of equivalent loading curve is made to following types of bridges and bridge members: 
slab, and longitudinal beam and slab, truss and suspension bridges, transverse and 
continuous spans, arches, frames, box culverts and retaining walls.—J. M. 

Investigations of new street bridges in Bergzell, Switzerland. M. Ros. 
Schweiz. Bauztg. (Switzerland), July 11, 1931, V. 98, No. 2, p. 17-21.—(1) Bridge 
near Spino-Bondo across Maira river (Switzerland) is single span rubble masonry 
arch of 110.2 ft. span with stone face laid in 1:4 cement mortar. Roadway is 10.5 ft. 
wide. Loading experiments, deformations and deflections of bridge structure are 
reported. (2) ) Two arches of old Castelmur bridge near Stampa had collapsed during 
severe flood in 1927 and were replaced by one single reinforced concrete arch of 87.9 
ft. span. It is of 3 hinged arch type with granite block facing. Reinforced concrete 
roadslab is 6.3 in. thick; arch is 9.8 in. thick in center and 11 in. at abutments. 
——. ing results were obt: uined by loading tests revealing excellent static properties 
of arch.— 

U nique ght arch bridge used for parkway overpass. Eng. News Record, 
Dec. 24, 1931, V. 107, No. 26, p. 993-995.—Traffic requirements at a point of grade 
separation between Broadway and Revere Beach Parkway, near Boston, dictated use 
of overpass structure having small variation in vertical clearance and thin floor to 
keep approach grades at minimum. Economy in foundation and total cost and speed 
in erection were necessities. Structure resembles rigid frame bridge, designed as 3- 
hinged arch of steel ribs encased in concrete. Bridge has span of 714 ft., with 50-ft. 
roadway and 21¢-ft. sidewalk on either side. Steel was > in snes of concrete 
for ribs because it speeded up erection and eliminated necessity for falsework in 
heavily traveled street below.—D. E. I 
BUILDINGS 

The post office at the new railway station in Milano, Italy. Cemento armato 
(Italy), 1931, No. 9, 5 p.— Building is reinforced concrete skeleton structure. Design 
of frames, girders and roof structure are illustrated. Data are presented for static 

calculations of concrete, amount of reinforcement, internal arrangement of building 
ni minor construction details.— A. E. B. 

Reinforced concrete shed building for Scheufelen paper plant in Ober- 
lenningen in Wuertt., Germany. Bautechnik (Germany), June 26, 1931, V. 9, 
No. 28, p. 432-3.— Most important buildings of plant include coal house with traveling 
crane, bleaching house and power house with necessary installations to utilize water 
ower of river Lauter. Recreation room, gymnasium and swimming pool were added. 
inlargements consist of 4-story building with connection wing to older buildings and 
r. ¢. shed 272 x 123.7 ft. separated from older building by expansion joint. Interior 
arrangement of reinforced concrete frames and columns, roof design and window 
structures are of interest. Exact location of reinforcements is shown diagrammatically. 
(cf. Zement (Germany), June, 1930, V. 19, No. 24, p. 565-7; Journat A. C. I., Oct., 

1930, V. 2, No. 2, Abstracts, p. 42.)—A. E. B. 
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MISCELLANEOUS 


The use of concrete with high compreesies strength. Cart SEELBACH. 
Bauingenieur (Germany), Oct. 2, 1931, V. 12, No. 40, p. 711.—German regulations 
for reinforced concrete construction yo Peg concrete compressive strength of 4,000 
p. 8. i. at 28 da. as highest permissible load figure in static calculations and do not 

rovide for any concrete with higher strength. Author was able to produce much 

igher strength properties by suitable selection of aggregates and cements.— A. E. B. 

Novel grandstand design. Concrete, Dec., 1931, V. 39, No. 6, p. 322.—Roof over 
grandstand in Rio de Janeiro, Brazil, is cantilevered from the building at back of 
stand, hence there are no columns to obstruct the view of spectators. Columns of 
building are heavily reinforced. Overhang of canopy is 72 ft.—N. H. R. 

The deformation of concrete under load. C. L. Cuampion. Conc. Constr- 
Eng., Dec., 1931, V. 26, No. 12, p. 651-55.—Structures of concrete deform due to 
physical and chemical changes within mass of concrete, apart from elastic deforma- 
tions due to load. Dr. Faber describes (Proc. Inst. C. E., V. 225) investigation of 
shrinkage and “plastic yield” taking place in concrete under load. He deduced that 
compression steel in columns may have stresses 3 to 51% times those usually cal- 
culated. Paper describes results of tests to measure plastic yield on large specimens 
under direct compression as compared with small test previously used. Test pieces 
were 2 ft. in diam. 4 ft. high. Load applied to one specimen gave maximum concrete 
stress of 520 p.s.i. Deformations were recorded oad concrete then maintained under 
stress as above for 16 weeks. When load was removed concrete had acquired per- 
manent set 1.3 times elastic strain. Curve gives change in plastic yield as per- 
centage of elastic strain compared to time in days. Stress in steel due to shrinkage 
in concrete is plotted against time in days. Relation is given between increase in 
stress in steel due to plastic yield and time in days. At conclusion of tests reinforced 
column referred to was loaded to 3% times design load without signs of failure. —J. M. 

The calculation of statically Snidenrasiante reinforced concrete structural 
members. Dekker. Gewapend Beton (Holland), 1931, No. 1, 4 p.—Fundamental! 
equations and considerations for static calculations of simple and complicated rein- 
forced concrete building parts and frames with special consideration to degree of 
support and effect of assumption of location of zero point of moments.A. E. B. 

Concrete calendar. 1932. Handbook for concrete and ~einforced concrete 
construction and related subjects. Published by Beton und Eisen Verlag, 
Berlin, Germany. Reviewed in Bautechnik (Germany), Dec. 11, 1931, V. 9, No. 54, 
p. 781.—Many chapters have been revised, enlarged and brought up to date with 
newest developments in concrete and r. c. research. Chapters on statics and calcula- 
tion of r. c. cross-sections are practically new. New German specifications have been 
included; also Italian and Dutch regulations; directions for construction of concrete 
structures i in sea water. Sections on girder bridges : and marine structures are entirely 
new.—A. 

The new Italian specifications for testing hydraulic cements and for 
erection of structures of reinforced and plain concrete. E. Escurer. Bau- 
technik (Germany), Aug. 14, 1931, V. 9, No. 35, p. 520-1.—-First part of regulations 
includes special cements such as Sh. ‘furn: ace slag, pozzuolana, high early strength 
and fused high alumina cements. Permissible resistance of concrete to bending was 
not changed but specifications for shear reinforcement have been revised. Effects 
of this change are discussed. Limits for spirally reinforced concrete columns have 
been made wider. New value for modulus of elasticity has been established. Spiral 
reinforcement should not be used for reinforced concrete beams.—A. E. B 

The economic and constructive importance of increased permissible loads 

for reinforced concrete structures. H. O.sen. Wilhelm ew und 10% —— 
Germany, 100 p. Reviewed in Baulechnik (Germany), Sept. 18, 1931, V No. 
p. 612-4. ~Book is study of constructive and economic effects w whic h at ms on “ ‘d 
of r. c. structural members is changed within certain ranges. Concrete tensile stresses, 
shrinkage, deformation, shear and bond stresses of rectangular r. c. members sub- 
jected to bending stresses are investigated. Slab girders under various loads are also 
included. One chapter discusses studies of concrete tensile stresses by Ruth, Gessner- 
Nowak, Skall, Probst and Olsen. Relation between efficiency of structures and 
stresses is studied. Much room is given to comparative cost estimates. A. E. B. 

Chicago’s new diagonal thoroughfare. Eng. News Record, Dec. 17, 1931, V. 
107, No. 25, p. 952-956.—-Ogden Ave. viaduct across Goose Island at Chicago, IIL, 
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has spans of approx. 45 ft., varied to suit layout of streets, railroad tracks and in- 
dustrial properties. Four-post bents have columns supported on concrete piers sunk 
to rock. Four lines of longitudinal beams form rigid frame with columns, but trans- 
verse beams are provided only at expansion joints, approx. 200 ft. apart. This 
arrangement gives lofty effect to space beneath deck. In designing structure longi- 
tudinals were considered as T-beams for unbalanced loading and temperature, 
bending moments in the columns being analyzed by a combination of the fixed-point 
and slope-deflection methods. Column dimensions were governed mainly by archi- 
sented considerations. Details of deck slab and roadway are given.—D. E. L. 

Static and constructive questions during construction of stadium in 
Vienna, Austria. Rupo.r SAuicrrR. Zeitschr. Ostr. Ingen. Archit. Vereins (Austria), 
Oct. 30, 1931, V. 83, No. 43-44, p. 321-5.—Stadium in form of ellipse with diameters 
of 803.8 and 623.4 ft., consists of reinforced concrete ring 98.4 ft. wide. Two systems 
of expansion joints were arranged: 1 ring-shaped joint divides entire ring into 2 ring 
sections; outer one is 62.3 ft. and inner one 36.1 ft. wide. Twenty-two radial joints 
are spaced 78.7 to 118.1 ft. apart. Double columns and double frames are placed at 
joints. Movement and stresses in structure due to shrinkage are illustrated. Frames 
of roof supporting structure rest on heavy concrete foundations. Static calculation 
of stairways is very complicated. Ceiling slabs are supported by continuous ribs 
arranged in circle and radially. Loads and stresses occuring in concrete are shown 
and analyzed. Provisions are made for later enlargement of protecting roof structure. 
Water impermeability and strength of inclined r. c. slabs are discussed. Load tests 
with dead loads and dynamic loads were made. (ef. Zeitschr. Ostr. Ingen. Archit. 
Vereins (Austria), Aug. 21, Sept. 4, 1931, V. 83, No. 33-36, p. 261-5, 273-6.)—A. E. B. 

The field control of concrete. Fritz EmMpercer. Structural Engineer (Eng- 
land), Nov., 1931, V. 9, No. 11, p. 378-80.—Small test control beams, both plain and 
reinforced, made on job and stored under same conditions as part of structure they 
represent, tested at any time give immediate information concerning quality of con- 
crete in structure at time of test. Reinforced beam 4 in. wide, 6% in. deep and 90 in. 
long with three *4-in. round bars in bottom touching lower surface, is tested on 84-in. 
span with load points 5 in. from the center of span. Max. stress in top fiber thus 
numerically equals load. Cube strength is computed as .75 and cylinder strength as 
.6 of load. Plain concrete beams are cast in same form with 3 spacers to provide 4 
short beams, and are tested on a 20-in. span with a single load at center. Compressive 
strength is computed as 7 times modulus of rupture and is numerically equal to twice 
the load.—V. P. J. 

The influence of rapidly alternating loading on concrete and reinforced 
concrete. E. Prosstr. Structural Engineer (England), Dec., 1931, V. 9, No. 12, p. 
410-29. Discussion p. 430-32.—Report covers work at Karlsruhe laboratory over a 
period of 10 yr. All concrete tested of 1-7 cement aggregate by weight with 7.5% 
water content. Dr. Mehmel tested prisms 2.76 in. square in cross section at ages of 
7 to 12 mo. Various ranges of stress limits were used. Among summarized results 
are: Elastic and remaining strains grow with number of repetitions until deforma- 
tions are stable. Concrete has critical stress about 47 to 60% of static strength and is 
identical with an endurance limit. For loads below critical stress, stress-strain curve 
becomes straight and steeper with increased number of repetitions and ultimate 
strength is unaffected. For loads above critical stress, concrete fatigues and stress- 
strain curves originally convex become concave with greatly increased deformations. 
Toughness of material depends upon kind of loadings, lower and upper limits of 
stresses, and rapidity of alternations. Tests by Heim were made on r. c. beams 6 by 
10 in., 6-ft. span, designed to fail by tension in steel, with parallel tests on plain con- 
crete beams and on prisms. All tests were started at age of 66 to 94 da. and applica- 
tions of load were limited to 90 per min. At this age stable conditions could not be 
reached for permanent deformations but were reached early for elastic deformations. 
Elongations in non-reinforced beams were small compared with compressive strains. 
Cracks closed upon release of load and ultimate load was not affected for upper load 
limit causing a stress of 25,700 p. s. i. in the steel. Tests by Hirohiko Yoshida show 
Poisson’s ratio changing in value from about 1/6 to between 1/10 and 1/13. Treiber 
found stability of permanent. deformations impossible to obtain with younger con- 
cretes. Deformations of aged concrete during alternation period were less than for 
younger concrete. A r. c. beam cannot be destroyed by alternating loadings when 
compressive stresses in concrete and tensile stresses in steel are limited to safe design 
stresses of r. c. structures. Further investigations consist of tension tests of cylinders 
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and bending tests of r.c. T-beams with all repetition at the rate of 90 per min. and 
all ages at least six months. General conclusions refer to existence of critical stress, 
formation of cracks and permanent strains, independence of load at rupture from 
loadings below critical stress, and “breathing’’ of cracks in r. c. beams when elastic 
limit of steel is not exceeded.—V. P. J. 
SEWERS 

Tests on large concrete pipe sewer show Kutter’s n to be 0.014. Exson T. 
Kitiam. Eng. News Record, Dec. 10, 1931, V. 107, No. 24, p. 935-936.— Flow tests on 
60-in. r. c. sewer constructed in 1929, in Essex County, N. J., showed an average value 
of coefficient of roughness, n in Kutter’s formula, of 0.014 when depth of flow was 
about one-third the diameter. Velocities measured were approximately 4 ft. per sec. 
Surface slopes had an average value of 0.00172, slightly less than the slope of the 
invert. Sewer is of 60-in. precast r. c. pipe in 4 ft. lengths with cement mortar joints. 
The three manholes are so constructed as to cause no disturbance to flow.—D. E. L. 
WATERWORKS 

The reinforced concrete structures of the Emscher river clarifying plant, 
Germany. Carp. Zement (Germany), Nov. 12, 1931, V. 20, No. 46, p. 987-92. 
Concrete jobs of modern river water clarifying plant consist of gate house with weir 
in river, built in steel sheet piling excavation. Downstream side of weir is faced with 
heavy concrete blocks on gravel bed, thereby enabling structure to follow settling of 
soil in this mining district. Foundation of building consists of r. ¢c. floor slab with 
heavy longitudinal and transverse r. c. beams; special precautions protected structure 
against floods during construction. Structure where debris and silt are sluiced out 
of water is r. c. skeleton type with traveling crane for removal of deposits. Heavy 
reinforcement in floor slab takes care of unexpected stresses. Rectangular water 
conduits are made of 6 in. r. c. piles. Water enters clarifying basin through slots in 
vertical r. c. wall. Foundation of wall is in several sections with 4-in. joints spaced 
at 82 ft. Pumping station which is located under ground water level has very dense 
r. c. box-foundation, reinforced concrete winding staircase and several structures of 
minor importance.—A. E. B 

New water towers of the German Railway Company in Stettin district. 
G. Kornter. Bautechnik (Germany), Aug. 21, 1931, V. 9, No. 36, p. 528-30.—Water 
tank at railroad station Pyritz, Germany, rests on 4 columns connected by 3 horizontal 
reinforced concrete floors. Cylindrical reservoir has inner diameter of 20.3 ft. and is 
16.4 ft. high. Bottom is reinforced concrete slab reinforced in 2 directions on both 
sides. Walls and floor are 7 in. thick and thickened at inner edges. Horizontal rein- 
forcements of walls consist of 2 spiral windings. Interior of tank is provided with 
l-in. waterproof lining. Two layers of cardboard insulation separate tank and 
supporting structure. Latter is united with 2 crossed rectangular reinforced concrete 
frames which give structure octagonal shape. Second reservoir consists of 2 rec- 
tangular reinforced concrete tanks of 14,850 cu. ft. capacity. Tanks and supports 
were built as individual units similar to structure described above. Thickness of walls 
increases from top to bottom, 9.8 to 15.7 in. Solid roof consists of reinforced concrete 
beams with hollow brick filling. —A. E. B. 


BRIDGES FIELD CONSTRUCTION 


Electro-welding in reinforced concrete construction practice. RicHarp 
HorrMann. Zement (Germany), Nov. 26, Dec. 3, 1931, V. 20, No. 48, 49, p. 1024-6, 
1041-2.—-Different methods of welding, important for r. c. construction, are illustrated 
and their advantages and applications cited. Special joints of reinforcements are 
characterized as to their static importance. Welding method is specially suitable 
for construction of bridges of Melan system. Example is large reinforced concrete 
bridge in Victoria (Australia) (cf. Engineer (England), Feb. 28, 1930; Zement (Ger- 
many), Aug. 20, 1931, V. 20, No. 34, p. 781-4; Journau A. C. I., Dec., 1931, V. 3, 
No. 4, Abstracts, p. 97) and George Westinghouse bridge in Pittsburg (cf. Eng. News 
Rec., April, 1931, V. 106). Welded wire nettings for reinforcing of concrete ceilings 
and road slabs are widely used in Germany.—A. E. B. 

BUILDINGS 

Horizontally tamped concrete walls. Bauwwelt (Germany), 1931, No. 45, 2 p.— 
A new type of forms permits concreting of building walls in horizontal position. 
Advantages and costs of new process are illustrated and example of erected residence 
given.—A. E. B. 








ABSTRACTS February, 1932 135 


Three new large garage structures in Hamburg, Germany. RUDOLF ScHMIDT. 
Betonstrasse (Germany), Dec. 1, 1931, V. 6, No. 12, p. 224-6.—Traffic conditions of 
city with steadily increasing population made erection of large garages necessary. 
Description is given of reinforced concrete skeleton structure (cf. Zement (Germany), 
May 14, 1931, V. 20, No. 20, p. 480-2; Journat A. C. L, Oct., 1931, V. 3, No. 2, 
Abstracts, p. 38) and enlargement of old structure. Foundations of latter had to be 
reinforced considerably; reinforced concrete footings and columns were widened and 
encased. Channels for gasoline pipes of filling stations are built of reinforced con- 
crete and can be walked upon. See also: Deutsche Bauztg. (Germany), 1931, No. 
79-80, 3 p.—A. E. B. 

Reinforced concrete for construction of residences. Bautechnik (Germany), 
May 1, 1931, V. 9, No. 19, p. 277-8.—Lindegren reports in Swedish journal myer 
of construction of large r. c. residence which has room for 72 flats. Outside walls 
are 5.9 in. thick, partition walls 3.9 in. Former are on inside and latter on both sides 
provided with 0.8 to 1.2-in. cork slab insulation. Construction costs were lower 
than for brick building of same size. Critical tests revealed remarkably good insu- 
lation against heat, sound and moisture.—A. E. B. 

The use of concrete and cement materials for small housing programs. 
A. Weiss. Zement (Germany), Nov. 26, Dec. 3, 10, 17, 1931, V. 20, No. 48-51, p. 
1021-4, 1036-41, 1053-7, 1069-72.—Author gives detailed directions for use and 
preparation of concrete and construction of small or medium sized dwelling houses 
and illustrates characteristic properties, preparation and working of various light 
weight concrete materials; proportioning of concrete, consistency, mixing and placing 
are illustrated. Different shapes of concrete bricks and their applications are cited. 
Form work and forming methods are included. Special consideration is given to 
proper insulation against heat, cold, sound and moisture, to consumption of structural 
materials and to necessary tools, labor, maintenance and construction costs.—A. E. B. 

‘Walls of welded concrete masonry form monolithic construction. Con- 
crete, Dec., 1931, V. 39, No. 6, p. 21-22.—Three new buildings of Fitkin Memorial 
Hospital, Asbury Park, N. J., are of r. c. skeleton frame construction, with r. c. floors 
Walls consist of 4-in. brick facing, backed by nominal! 8 in. of weldcrete masonry. 
Face brick was laid with hand-placed mortar, back of face brick parged with )4-in. 
coat gunite, and dry cinder concrete back-up units were then laid against parge coat, 
joints between units remaining open because of lugs cast into units in manufacture. 
Gunite was shot against interior face of the concrete units, until all joints were filled 
and 1-in. parge coat was provided as plaster base. This plaster base coat was then 
screeded and made ready for the finish coat of hard wall plaster. All gunite placed 
was a 1:3 mixture.—C. B. 

The foundations for the new building of a hospital for the University in 
Berlin, Germany. Hansen. Zentralblatt d. Bauverwaltuag (Germany), Sept. 26, 
1931, V. 51, No. 40, p. 588-600.—Sub-soil conditions were very unfavorable. Analysis 
of ground water showed presence of considerable amounts of sulfuric acid, sulfates, 
carbon dioxide and other aggressive agents. Three methods of foundations were used: 
north wing of building rests on flat, greatly enlarged foundations; middle part is built 
on pile foundation; south section has caisson foundation. Reinforced concrete piles 
15.7 in. in diameter and 32.8 to 72.2 ft. long were driven in welded steel! tubes. Con- 
crete was 1 part blast furnace slag cement, 0.1 part trass and 4 parts gravel sand. 
Consistency was pute to obtain great density and adequate protection against 
action of water. Experiences of pile driving, field tests and factors which affect pile 
driving are listed and progress of construction program illustrated. Most difficult 
task was placing of caisson foundations. Two reinforced concrete caissons are con- 
nected by reinforced concrete bridge which supports superstructure. Sub-soil was 
improved by chemical consolidation process (ef. Bautenschutz (Germany), Jan. 5, 
1931, V. 2, No. 1, p. 4-8; Journat A. C. I., Dec., 1931, V. 3, No. 4, Abstracts, p. 86). 
Caissons were made of high quality portland cement and provided with asphalt 
coatings. Results of loading tests are reported.—A. E. B. 

Produce exposed interior surfaces with fibre board forms. Concrete, Dec., 
1931, V. 39, No. 6, p. 16-18.—Recently completed building of Commerce and Finance, 
St. Louis, Mo., has form finished concrete surfaces. Hung ceilings and plaster have 
been entirely eliminated from various rooms, and other portions of interior. Forms 
were carefully detailed in office to fit construction requirements and progress schedule, 
were made in shop and delivered to job as needed. Fibre board was 14 in. thick in 
standard sheets (4 x 12 ft.). Skeleton frame was constructed of either rough edge 
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lumber or used lumber. Forms were stripped and cleaned and reused 10 to 12 times. 
Building, for most part, is concrete joist type of construction. Forms were fabricated 
in shop, given shop marks and put in place much the same manner as structural 
steel —C. B. 


Dams 

The enlargement of Assuan dam in Egypt. H. Ketier. Bautechnik (Ger- 
many), May 22, 1931, V. 9, No. 23, p. 352-3.—Old dam structure, which had become 
inadequate was built 28 ft. higher and provided with new r. c. foundations on air-side 
of dam. Entire structure is 1.2 miles long and 131 ft. high. Expansion joints, which 
divide top part of dam into 23 ft. sections, contain steam pipes through which steam 
was passed to increase density of concrete. Aggregates consisted of broken basalt 
and granite of high strength. Concrete structure has facing of granite blocks. Ship 
locks at West side of dam were raised and reinforced..—A. E. B 


MISCELLANEOUS 

Method of removing concrete. M. Hirscuruan. Canadian Engineer, Nov. 10, 
1931, V. 61, No. 19, p. 16.—-For masses carrying no load such as wing walls, drill holes 
and use explosive. If dangerous to shoot, drill holes 6 in. o. c., use hammer and bull 
point or plug and feather. If concrete is reinforced, drill holes at close centers, missing 
the bars if possible then burn off or cut bars with hack saw or chisel. Costs may vary 
from $3.50 per cu. yd. to same per cu. ft.--G. M. W. 

East Creston, B. C., irrigation district. L. T. Levequr. Canadian Engineer 
Nov. 24, 1931, V. 61, No. 21, p. 19. Water or East Creston Irrigation District is 
obtained from Arrow Creek from which it is diverted by means of a concrete diversion 
weir and intake chamber, thence to a screened sand and sediment chamber, after 
which it is conveyed through a 21-in. concrete conduit for 5 miles. Pipe was manu- 
factured by the Hume patent centrifugal process and is reinforced throughout to 
withstand pressures due to heads of as high as 106 ft. After all pipe was placed and 
before backfilling, with the line full, there was no sign of leaks or sweating at any 
point.—G. M. W. 

Cooperation or competition in the ready-mixed industry? Pit and Quarry, 
Dec. 30, 1931, V. 23, No. 7, p. 27-30..—Superior Ready Mixed Concrete Co. owns no 
central mixing plant but operates a fleet of transit-mix trucks under arrangements 
with 5 building-materials dealers in different parts of Cincinnati, whereby trucks 
receive and deliver batches for sales by respective dealers. Plant of Adam I’. Meyers 
Coal Co.-—the No. 1 yard of Superior company—is described in detail.—A. J. H. 

New construction equipment and structural materials at Technical 
Exhibition in Leipzig, Germany, 1931. Riepic. Bautechnik (Germany), April 
17, 1931, V. 9, No. 17, p. 253-4.—-New developments and improvements in structural 
equipment are presented, with special mention of excavating equipment and new 
concrete mixers, also concrete road machinery, conveyor belts, concrete pumps and 
pile driving equipment.-—A. E. B. 

Packed materials or concrete as foundation for street railway tracks. 
MENKEN. Strassenbau (Germany), 1931, No. 19, p. 287-91..—Advantages and dis- 
advantages of different types of bedding materials for tracks are critically considered 
and illustrated from economic standpoint. Costs of maintenance are stressed. 
A. E. B 

Lining of reinforced concrete tanks for alkaline solutions in cellulose 
plants. Rupoir Trapp. Bautenschutz (Germany), Dec. 5, 1931, V. 2, No. 12, p. 
137-8.—Protection of concrete tanks against action of aggressive sulfite solutions is 
discussed. Tanks, preferably made from blast furnace slag cement, are provided with 
smooth cement facing and layer of clay tiles in 1:2 gement mortar. Joints must be 
made very carefully and protected. Glass linings are also suggested. Consideration 
must be given to temperature of solutions entering and leaving tanks for proper design 
and dimensions of reinforced concrete walls..—A. E. B. 

The installations of the north lock in Bremerhaven, Germany. A. Acarz. 
Zeitschr. d. Vereins deutsch. Ingen. (Germany), Sept. 5, 1931, V. 75, No. 36, p. 1117- 
21.--In condensed report on structures erected in improving program of Germany's 
largest commercial sea port, various foundation methods are described in detail. 
Data are given about construction methods, structural materials, construction con- 
trol, installation of site and general information. (cf. Report of the 33rd main meeting 
of German Concrete Association, March 17, 1930, p. 324-88; JournaL A. C. L., May, 
1931, V. 2, No. 9, Abstracts, p. 267.)-——A. FE. B. 
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Reinforced concrete conduit through the Friga valley for third section of 
the Piave-S. Croze power station, Italy. ae L'Energia Elettrica (Italy), 
1931, No. 8, 7 p.—High pressure water line of r. pipe, with r. c. ribs, is 1214 ft. 
long, has 13.1 ft. inside diameter and is supported ah r. c. frames 16.4 ft. high spaced 
23 ft. Entire construction of pipe line, forming and cone reting of pipe, joints and 
sane tne joints and structures at both sides of pipe line are described.-—A. E. B 

The construction of the north lock improvements in Bremerhaven, Ger- 
many, during the years 1928-31. ArNnoutp Acarz. Wilhelm Ernst und Sohn, 
Germany. Reviewed in Bauingenieur (Germany), Nov. 20, 1931, V. 12, No. 47, p. 
841-2 and Bautechnik (Germany), Dec. 11, 1931, V. 9, No. 54, p. 785.-—After a histori- 
cal introduction by Tillmann, ‘author illustrates fundamental designs of lock system 
and quay walls. Ten chapters written by various cooperators deal with details of 
entire construction program some of which have been published in various articles 
(ef. Report of 33rd main meeting of German Concrete Association, March 17, 1930, p. 
324-88; JournaL A. C. L, May, 1931, V. 2, No. 9, Abstracts, p. 267). Special con- 
sideration is given to comprehensive soil investigation at construction site. Methods 
of construction and handling of enormous amounts of earth, rocks and structural 
materials are of interest.—A. E. B. 

Is poured concrete economic? L. Baumeister. Julius Springer, Berlin, Ger- 
many, 100 p. Reviewed in Bautechnik (Germany), Sept. 18, 1931, V. 9, No. 41, p 
617.-—Book gives directions for proper estimates of costs and efficiency of concrete 
handling when mechanical equipment is used exclusively. Special consideration is 
given to mixing and placing poured concrete and comparisons made with other 
methods. All kinds of distribution equipment including hoist towers and buckets, 
guy lines, sliding frames with hoppers, concrete mixers, buckets, chutes, extension 
chutes and cable cranes are discussed. —A. E. B. 

Landing pier in the harbor of Montevideo, Uruguay. WitHetm LourMANn. 
Bautechnik (Germany), Aug. 21, 1931, V. 9, No. 36, p. 531-2.-—New reinforced con- 
crete pier replacing obsolete wooden structure is 1124 ft. long has foundation of 
ingenious design. Hollow r. c. cylinders, 20.4 ft. long, 5.2 ft. in diameter and with 
t-in. wall were placed in row in excavations spaced 24.6 ft. apart and rigidly fastened 
to old pier structure. Through each cylinder were driven 4 octagonal reinforced 
concrete piles 26 to 72 ft. long and cylinders were filled with concrete. Concrete floor 
slabs of superstructure rest on these cylinders. -A. E. B 

nection erage of ary ty eer concrete mixers. Bautechnik 
Germany), Oct. 2, 1931, V. 9, No. 43, p. 642. -New type of mixer is provided with 
screws whic h measure cone rete mate ay with great accuracy. Concrete leaves mixer 
continuously and is delivered in place by conveyor belt. Comparative tests were 
conducted by Institute for Testing Materials at Technical University in Dresden, 
Germany, with old and improved mixer, to determine efficiency, power consumption 
and compressive strength of concrete.—A. E. B 

The use of protective coatings for concrete and iron. E. Gross. Bauin- 
genieur (Germany), Dec. 11, 1931, V. 12, No. 50, p. 883-4.-—-Soft water and waters 
containing much aggressive carbon dioxide dissolve lime from concrete, che ange its 
structure and lead gradually to its destruction. Corrosion appears especially at joints 
and cracks in concrete. Cements with low lime content are more resistant than high 
lime cements. Protective medium must be at ordinary temperature of liquid con- 
sistency so that it enters into cracks, voids and joints. It must be water-repellent 
and inert against action of gases, acids and bases. Coating must be uniform, ab- 
solutely dense, resistant against mechanical wear and have good bond with concrete. 
It must also be flexible and elastic to follow movements of concrete (not brittle in 
winter and not too soft in summer). Precautions necessary in applying coating are 
cited. Sufficient ventilation is in general absolutely necessary. reid of application 
is outlmed.— A. E. B. 

Economical distribution of concrete by portable belt conveyors. Concrete, 
Dec., 1931, V. 39, No. 6, p. 9-10.—Use of 1,000 lin. ft. of portable belt conveyors and 
1,200 lin. ft. of permanent conveyors for economical distribution of concrete marks 
construction of substructure of Chicago postoffice building, 344 x 796 ft. in plan with 
total floor area of 2,300,000 sq. ft. Conveyor units are from 20 to 60 ft. long. Per- 
manent conveyors are from 100 to 400 ft. long, and are bolted together to form a 
continuous belt conveyor. Substructure includes 304 caissons founded on bedrock 
Concrete mixing plant is so located that some concrete must be conveyed 1,000 ft. or 
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more. Details of mixing plant, chutes and hoppers are included. To caisson, 414 ft. 
in diam. conveyors deliver 14 cu. yd. per minute. Concrete in caissons is 1:1:2 mix 
of cement, torpedo sand and qeshed stone, delivered to mixing plant in dry-mixed 
form on a definite schedule.—C. B. 

Profitable premixed concrete plant has complete equipment. Concrete, 
Dec., 1931, V. 39, No. 6, p. 7-8.—Well designed ready-mixed concrete plant at Wau- 
kesha, Wis., is located ‘adjacent to stock-piles of aggregate dealer. Lay-out and 
equipment include tunnel, belt conveyors, 3-compartment aggregate bin, cement 
storage bin, elevators, measuring device and 1-yd. mixer. Delivery equipment consists 
of 2 trucks with 2-yd. agitator bodies.—C. B 

Construction of the first concrete pier on the Seattle waterfront. W. F. 
Way. Eng. News Record, Dec. 10, 1931, V. 107, No. 24, p. 914-916.—Departing from 
established timber-pile type pier construction on Seattle waterfront, new American 
Can Co. pier is supported on concrete cylinders 41% ft. in diam., designed to carry 800 
tons. Deck is r. c. beam and girder construction 504 x 160 ft., on which is 3-story 
transit shed. Typical slab panel is 6 in. thick; beams 24 x 36 in.; girders 30 x 60 in. 
Design is modification of Navy pier at Bremerton, Wash. Foundation, carrying load 
of 41% tons per sq. ft., varies from hardpan to sand. Hollow cylindrical pier bases 
were peecnet with 6-in. walls of 1:2:2 concrete. Steel forms for piers were attached, 
lowered to position, and compressed air applied for mucking to bedrock. Reinforcing 
steel was placed and concrete dumped from top from a floating mixing plant. Con- 
crete in base was allowed to set before cylinders were cast above. The 1:134:254 
concrete used in the cylinders had an average 28-da. compressive strength of 4824 
p. 8. i—G. M. 

Roaps AND PAVEMENTS 

Progress in construction of cement macadam roads. Srreit. Strassenbau 
(Germany), 1931, No. 20, p. 297-303.—Methods and experiences with this type of 
highway structures are desc ribed; also preparation of mortar, consistency, sand, 
gravel, broken stones, mixing, placing and finishing, subgrade and surface pro- 
tection.— A. 

Critical consideration of the concrete highway Bonn-Godesberg, Germany. 
PRAHL. Strassenbau (Germany), 1931, No. 16, p. 242-5.—A concrete highway built 
in 1927, which showed several defects, was ex: amined and reasons for failure illustrated. 
Importance of correct dimensions of slabs, arrangement of longitudinal expansion 
joints and subgrade are emphasized.—A. E. B. 

A new tar-concrete road in South- me of Berlin, Germany. KRogcKER. 
Verkehrs Technik (Germany), 1931, No. 45, 3 p.—General description is given of 
reconstruction of highway between Schmoeckwitz and Gruenau. It includes progress 
of construction and shows dimensions and peculiarities of tar concrete road.— A. E. B. 

Remarks about the concrete roads of the Hungarian highway system. A. 
Hasz. Strassenbau (Germany), 1931, No. 18, p. 269-74.—Hungaria has remarkable 
percentage of concrete roads (total length about 2,360 miles) among European 
countries. Reasons for this fact and experiences with concrete pavements are 
described. Further information is given by A. Brzesky in Ositr. Bauztg. a, 
Jan. 3, 10, 17, 24, 1931, V. 7, No. 1-4, p. 6-10, 19-22, 31-5, 47-50.—A. E. 

The cement macadam road. Karet Vauina. Published by "ae t Plant 
Koenigshofen A. G., Prague (Czecho-Slovakia). Reviewed in Betonstrasse (Germany), 
Dec. 1, 1931, V. 6, No. 12, p. 232.—Paper is translation (in German) of article printed 
in Silnicnt Obzor (Street review) (Czecho-Slovakia), V. 9, No. 9-10 and gives review 
of modern state of cement macadam road construction in European countries. Ad- 
vantages, principles and comparison with concrete roads are pointed out. Develop- 
ments of process in France, Czecho-Slovakia, England, Ireland, Austria and Germany 
are described and illustrated—A. E. B. 

Chemical and technical questions of concrete road construction. C. R. 
PLATZMANN. Betonstrasse (Germany), Dec. 1, 1931, V. 6, No. 12, p. 227-9.—-Methods 
of eliminating tormation of cracks in concrete ro: ds are disc ussed with special con- 
sideration to action of calcium chloride when either mixed with concrete or applied 
after surface is finished. Concrete roads are subjected to action by chemical reagents 
in neighborhood of industrial plants (lactic acid, fats, oils, sugar) and by sulphuric 
acid of air. Dense concrete and treatment with magnesium fluate solutions give best 
protection. Experiments with hot cement for concrete road construction were very 
successful and finished pavement of high durability.—A. E. B. 
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Jointless concrete roads and walls. J. H. WavLker. Structural Engineer (Eng- 
land), Oct., 1931, V. 9, No. 10, p. 352-6.—Systems of jointless concrete were developed 
from considerations of shrinkage, temperature effects and experience with cracking 
of walls and slabs both with and without artificial ‘“‘plums’’ or displacers. Artificial 
“plums'’ are created by grooves in sub base or by hexagonal steel wet of 11% by 

<-in. steel flats buried in slab and spaced to form a continuous pattern of hexagonal 
te and spaces. Slab becomes inoculated with invisible closely-spaced cracks 
sufficient to provide for expansion, and is free from warping.—V. P. J. 

Trend of practice in concrete paving. M. A. Lyons. Canadian Engineer, 
Oct. 13, 1931, V. 61, No. 15, p. 11.—State specifications for 1919 and 1920 show pro- 
portions ranging from 1-1)4-3 to 1-2-4. In 18 states minimum cement content per 
cubic yard ranged from 1.44 to 2.00 barrels. Water measuring devices were specified 
in 34 states, but only three states made reference to consistency requirements. Now 
practically all states carefully regulate water content. At present four states operate 
directly under the water cement ratio law and other regulate water content and 
proportion, by weight. Details considered include weight measurement of aggregate, 
time of mixing, curing, machine finishing, use and spacing of expansion and con- 
traction joints. Trend in cross section is eed 10-7-10 in. thickened edge section, 
with a lip curb 3 in. high on grades.—G. M. W. 

The effect of materials and methods of placing on the strength and other 
properties of concrete bridge floor slabs. L. W. TeLier anp G. W. Davis. 
Public Roads, Dec., 1931.—Tests recently completed by United States Bureau of 
Public Roads in cooperation with Port of New York Authority to determine effect 
of methods of placing upon strength and other properties of concrete bridge floor 
slabs, were made with crushed limestone, gravel and Haydite as coarse aggregate. 
Concrete was placed (1) by hand methods, (2) by the Vibrolithic process, (3) with 
electric vibrator and (4) with airhammer. Tests for flexural and compressive strength 
indicate that, in the case of both gravel and crushed stone all mechanical methods of 
placing resulted in higher strength than in case of concrete placed by hand. With 
Haydite concrete, mechanical methods of placing produced concrete of higher com- 
pressive strength than hand placing, but effect of vibrating on flexural strength 
seemed to be somewhat uncertain. Of 3 methods of mechanical placing employed 
Vibrolithic process had greatest effect on strength. Apparent unit bond developed 
by deformed bars is consistently much higher than that developed by plain bars in 
the same concrete. Size of bar seems to influence apparent unit bond. The -in. 
plain bars show higher values than the one inch size. With deformed bars reverse is 
true. Vibratory methods of placing resulted in better bond than was obtained by the 
hand placing method. For all 3 aggregates vioratory methods of placing tended to 
decrease surface hardness of concrete. Specimens after tests for durability by sub- 
jecting sawed specimens of concrete to 100 alternations of freezing and thawing were 
all in very good condition. Concrete containing silicious gravel was affected least by 
repeated freezings. Of all specimens apparently least resistant surface was that left 
by finishing process on upper surface of slab.—F. H. J. 

Concrete road construction in Mecklenburg, Germany. Apo.LF JuNG. Be- 
tonstrasse (Germany), Dec. 1, 1931, V. 6, No. 12, p. 220-4.—Sub-grade for concrete 
road along dunes of Baltic Sea was made with great difficulty due to low elevation 
and lack of suitable stone materials in that vicinity. Concrete pavement was placed 
in 2 courses, bottom slab 6 in. and top 2 in. thick. Total thickness increased to 9.8 
in. at center line. A mix of 1:8 iron portland cement concrete was adopted for bottom 
course and 1:4 mix of ordinary portland cement for top slab. Concrete mixer was 
installed near gravel pit and produced concrete of earth-moist consistency. Bottom 
slab was placed in 2 layers and hand tamped. Top concrete was tamped, rolled and 
broomed with expansion joints 23 to 33 ft. apart. Concrete for second section was 
made from high early strength portland cement and had plastic consistency. Spacing 
of expansion joints was 40 to 50 ft. which resulted in numerous cracks in finished 
slabs. Third part was made from Pioneer cement with basalt aggregates. No 
damage was done by cold weather during construction. Slab was straw covered and 
well protected.—A. E. B. 

Automatic temperature control in highway laboratory moist room. E. W. 
BauMAN. Concrete, Nov., 1931, V. 39, No. 6, p. 11-12. ~The Tennessee Highw ay 
Dept. has recently ‘installed in ‘laboratory & Moist room equipped with automatic 
iE perry and humidity controlling devices which provide a constant _temperature 

70° + 2°, anda humidity of 98° +. Four concrete tanks arranged in tiers, with 
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continuous circulation, provide storage of briquettes and 2 x 4-in. cylinders. Details 
_of insulation and of temperature and humidity controls are given.—C. B. 


SEWERS 


Tests reveal low infiltration rate on New Jersey outfall sewer. Exson T. 
Kitutam. Eng. News Record, Dec. 10, 1931, V. 107, No. 24, p. 934-935.—Infiltration 
tests on r. c. pipe sewer in Essex County, N. J., showed unusually low amount of 
groundwater leakage. With diameters varying from 24 to 60 in., total amount of 
infiltration in a length of 20,530 ft. was found to be 1,610 gal. per mi. per da., only 
13% of that allowed by specifications. Section 4,488 ft. long was constructed as 
pressure line with precast reinforced-concrete pipe. Joints on one part were made 
with lead fiber-center gaskets pointed with cement inside and outside, and on other 
were tongue-and-groove pressure joints, pointed on outside with mortar. Specifica- 
tions for pressure pipe required that it be built for working head of 20 ft. and be sub- 
jected to leakage test under 35-ft. head, with a limit of leakage of 300 gi al. per da. per 
in.-mi. Rest of line was of standard precast reinforced-concrete pipe, 24 to 60 in. in 
diameter and 3 to 6 in. thick. Joints were made with cement mortar on first contract 
and with patented joint compound on other.—D. E. | 


WATERWORKS 


Construction of modern water mains. F. W. Macautay. Canadian Engineer, 
Nov. 10, 1931, V. 61, No. 19, p. 11.—Article discusses necessary qualities of pipe for 
water supply service and includes several made of concrete. Bonna steel concrete 
pipe consists of thin welded steel tubes, armored internally and externally with 
ee reinforcements of cruciform steel bar, the whole being encased in concrete 

he minimum concrete covering over the steel is 1 in. Inte:nal concrete lining is 
placed by centrifugal process. Hume r. c. pipe is made by forming a cylindrical cage 
of steel reinforcing rods which is placed in a cylindrical steel form 2 in. greater in 
diam. Form and cage are revolved rapidly and sufficient concrete is poured in to re- 
sult in required wall thickness. Concrete lined steel pipes have steel shell of sufficient 
thickness to care for all stresses, with interior surface lined with concrete by centrifugal 


method.—G. M. W. 


Bonna pipe tested at Montreal. Canadian Engineer, Oct. 27, 1931, V. 61, No. 
17, p. 23.—Data are given of pressure tests of Bonna pipe which Fe of a steel 
core lined with an inside reinforced concrete lining and coated on outside with rein- 
forced concrete. Pipes tested were designed for internal pressures up to 220 p. s. 
and in practice are used for diameters up to 8 ft.—G. M. W. 


SHoep MANUFACTURE 


Quality of water for manufacture of concrete and concrete products. 
Nicot. Baumarkt (Germany), 1931, No. 42, 3 p.—Directions include testing, use and 
measuring of water for concrete and concrete products, and characterizes physica! 
and chemical properties of water from this standpoint.—A. E. | 

Screw feeders for handling rock products. R. F. BeramMan. Rock Products, 
Sept. 26, 1931, V. 34, No. 20, p. 77-83.—Description includes screw feeders for 
handling both lumpy and pulverized materials and their installation. Methods of 
deaerating to prevent flooding are shown. naga a of screw conveyors to mixed 
concrete plants and products plants are described.—E. S$ 


Profitable manufacture of concrete building units. Frep A. SAGER. Con- 
crete, Dec., 1931, V. 39, No. 6, p. 25-29.—Essential accounting records covering sales 
and manufacturing operations of business consist of ledger and combined cash and 
journal. Suggested ledger set-up of accounts so far as balance sheet and operating 
accounts are concerned, is shown in a form, with suggested decimal system of number- 
ing accounts. Cash book form reproduced shows one entry of each kind that will 
occur in month’s business and method of handling each entry is described. One of the 
sales entries is taken as typical and carried through to the invoice stage.—C. B 
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MATERIALS 
ADMIXTURES 


The place of pumice and pumicite in yee J. T. Parmer anp L. M. 
GreGcG. Rock Products, Nov. 24, 1931, V. 34, No. 24, p. 26-28.—Pumicite is much 
used as concrete admixture and as light weight cone phd aggregate. Article gives 
chemical analyses and physical characteristics of American pumicites. Map gives 
probable sources in U. S. Formerly much pumice and pumicite were imported 
from Italy. Now domestic market is mainly supplied from deposits in Kansas and 
Nebraska.—E. 8. 

Trass-cement mixtures and their properties. RicHarp Grun, HuGco BrecK- 
MANN Or HERMANN Manecke. Zentralblatt d. Bauverwaltung (Germany), Oct. 21, 
1931, V. 51, No. 44, p. 641-5.—Experience with trass as cement admixture to improve 
ri A e to salt solutions and to increase water impermeability led leading portland 
cement manufacturers to grind cement together with trass at plant to eliminate later 
mixing at site of construction. Methods are given for examination of properties and 
chemical composition of product. It is very easy to determine percentage of trass 
in trass-cement mixtures by chemical analysis with accuracy of 2“ or better. Strength 
of cement is always reduced when trass replaces part of cement. Trass content must 
be known when preparing concrete and additional cement used to compensate for 
trass admixture. A. E. B. 


AGGREGATES 


Imrrovements in lime ~ stone production of Ohio district. Rock Products, 
Dec. 19, 1931, V. 34, No. 26, p. 38-46.—An illustrated description of the large new 
screening plant of Kelle *v Isl: Ay Lime and Transport Co.—E. 8. 

Texas sand and gravel producer standardizes on movable plants. Rock 
Products, Nov. 21, 1931, V. 34, No. 24, p. 17-24.—Texas Construction Materials Co., 
operates 10 movable plants for screening and washing, excavating the material with 
both dredges and draglines. Screens are mounted on a steel frame on car on 15-ft. 
gage track. Dragline can discharge directly into the hopper above screens.—E. 8. 

Five new slag plants erected in 1931 indicate faith in industry. Pit and 
Quarry, Jan. 13, 1932, V. 23, No. 8, p. 63-65.—Developments are noted in slag- 
aggregates production by Birmingham Slag Co., Ensley, Ala.; Buffalo Slag Co., 
Lackawanna, N. Y.; Cashion Slag Co., Donora, Pa.; Standard Slag Co., Holliday’s 
Cove, W. Va.; Roquemore Gravel Co., Bessemer, Ala.— A. J. H 

Preparation of aggregates and installation of aggregate plants near con- 
struction sites of dams. W. BurerRGER. Steinbruch u. Sandgrube (Germany), 1931, 
No. 20-21, p. 331-4, 348-53.—-A comparative study is presented of arrangement of 
sites of large dam structures giving special consideration to aggregate plants, quarries 
and their operation. Efficiency of various installations is critically discussed- 
A. E. B. 

Ty of stone sand. Epmunp Suaw. Rock Products, Dee. 5, 1931, V. 34, 
No. 25, p. 32-34.—-Stone screenings usually make too harsh mortar. Methods tried 
to Poon tab them are addition of limestone dust, mixing with natural sand and im- 
proving their grading. Grading may be improved by throwing out an excess of fines 
or crushing an excess of coarse or both. It is probable that grading of natural sand 
~_ makes most plastic mortar is not grading required by crushed stone screenings. 

: i 

Sand and gravel industry near Alexandria, La. Water B. Lennart. Rock 
Products, Nov. 7, 1931, V. 34, No. 23, p. 30-37.— District practice is characterized 
by extensive use of Diesel power, cutters on all dredges and a peculiar flow sheet. 
Dredge discharge goes to stationary screen to remove excess water and some sand. 
Oversize goes to double screen. Sand and water from both screens go to sand settling 
tanks. Intermediate size (gravel) goes to washing cylinder. This has a double 
conical sizing screen attached to the wr . arge end.—E. 8. 

The washing of crushed stone. J.C. Bucksrer. Rock Products, Nov. 7, 1931, 
V. 34, No. 23, p. 38-40.—Every material me characteristics that affect its washing. 
In some cases double washing and in one case triple washing had to be adopted, each 
wash being with clear water. Some stones can be cleaned over screens, others require 
scrubbing in drums and others washing with high pressure jets. Methods that have 
been quite successful with one stone have been flat failures with other stones. An 
instance of this kind is described.—E. S. 
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The relation of sieve curves to concrete strength. JoHANN FLinGEeR. Zement 
(Germany), Nov. 5, 1931, V. 20, No. 45, p. 976-8.—Methods for improving natural 
aggregates and application of several sieve curves are discussed. Shape of curves 
depends upon specific gravity of each individual grain size. When specific gravities 
are same sieve curves become straight lines. Grading can be expressed by relation: 
K, = Ko X H (K, represents wanted aggregate size, Ko 1s diam. of next larger size 
and H expresses remaining voids). Number of intermediate sizes increases with 
amount of voids. Basis for predetermination of concrete strength is given.—A. E. B. 


CEMENT 


The British standard specifications for portland cement. Engineering 
(England), Nov. 27, 1931, V. 132, No. 3437, p. 674.—B. E. 8. A. Specification No. 12, 
1931, gives most recent requirements for portland cement superseding that of 1925. 
Permissible limits of fineness remain at 10 and 1% residue on British Standard sieves 
No. 170 and 72 respectively. Tensile strength of 1-3 mortar must not be less than 
300 p. s. i. at 3 da. or 375 p. s. i. at 7 da., using white Leighton Buzzard sand graded 
between No. 25 and 18 standard sieves. The 28-da. test has been abandoned. Ratio 
of lime to silica plus alumina has been increased from 2.9 to 3.0 as a maximum limit 
It is no longer permissible to aerate cement before Le Chatelier soundness test. If 
results show expansion up to 10 mm. it is allowable to aerate cement to depth of 3 in. 
for 7 da. after which its expansion must not exceed 5mm. Duration of boiling test 
is reduced from 6 to 3 hr. Maximum loss on ignition is 3% and insoluble residue is 
reduced to 1°%. A consistency test has been introduced in which a 10 mm. diameter 
plunger 50 mm. long is applied to neat cement in Vicat apparatus until penetration 
of 33 to 37 mm. has been obtained. Percentage of water used is multiplied by .78 to 
obtain standard consistency.—G. M. W. 


Revision of the British standard portland cement specification. Cemen! 
and Cement Manuf. (England), Dec., 1931, V. 4, No. 12, p. 1339-40.—-Most important 
changes in revised (1931) specification are: Maximum ratio of lime to silica and 
alumina, 3.0 instead of 2.9; deletion of the neat tensile test; deletion of the 28-da. 
tensile test (1:3 mortar); 3 and 7-da. mortar tensile strengths have minimum values 
of 300 and 375 lb. respectively; introduction of normal consistency test for neat 
paste, from which water for mortar is to be calculated; deletion of aeration period 
of 24 hr.; increase of permissible loss on ignition from 3 to 4% for cement manufac- 
tured, sampled or tested in hot climates; time of gaging for setting time test is made 
definite at not less than 3 nor more than 5 min.—J. C. P. 

Proposed German standard specification for aluminous cement. Cemen! 
and Cement Manuf. (England), Nov., 1931, V. 4, No. 11, p. 1230.—The std. specifica- 
tion for aluminous cement now under consideration by German Standards Com- 
mission is closely based on recent specification for portland cement. Differences 
consist mainly of certain chemical limitations, which are given, and strength of 1:3 
mortar, for which English equivalents are: After 1 da. in moist closet, compressive 
5690 p. s. i., tensile 355 p. s. i.; after 28-da. water storage, compressive 7110 p. s. i., 
tensile 425 p. s. i.; after 1 da. in moist air, 6 da. in water and 21 da. in air, compressive 
8530 p. s. i., tensile 570 p. s. i—J. C. P. 

Progress in cement research during 1930—-Part 2-3. O. F. Honus. Cement and 
Cement Manuf. (England), Nov., 1931, V. 4, No. 11, p. 1244-1249.—Second article 
of review of outstanding contributions in cement research during 1930, discussed 
under the following headings: Production and Improvement of Cement; Production 
of Aluminous Cement; Properties; Hydration, Setting and Hardening.—-Dec., 1931, 
V. 4, No. 12, p. 1366-68.—Third and concluding article of this review, dealing mainly 
with improvements in kiln construction and effect of deflocculating agents on 
viscosity of slurry.—J. C. P. 

Manufacture of hydraulic cement. JoserH Rossman. Rock Products, Nov 
7, 1931—A digest of 102 patented processes for making portland and other hydraulic 
cements, beginning with Warner’s patent of 1837. Only United States patents are 
abstracted, although several of these are granted to foreigners. All but 5 patents 
have been granted since 1880.—E. 8. 

Cement mill kept in step with progress through 39 years of operation. /’i/ 
and Quarry, Jan. 13, 1932, V. 23, No. 8, p. 79-85.— Details are given of many improve- 
ments, replacements, enlargements made since plant of Glens Falls Portland Cement 
Co. was built in 1893, with dome-type kilns. These kilns were succeeded by shaft 
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kilns, later by rotaries. Present 4000-bbl. wet-process plant embodies latest features 
in equipment and operation.—A. J. H. 

Cement-producing capacity increased in 1931 due to improvements. Pit 
and Quarry, Jan. 13, 1932, V. 23, No. 8, p. 49-53.—Only new cement plants put into 
operation on this continent last year were 2 in Mexico and one in Canada. Brief 
descriptions are given of plants of La Tolteca Compania de Cemento Portland, at 
Mexico City; Cemento Portland Nacional, 8. A., at Hermosillo; and Canada Cement 
Co., at Montreal; and improvements in plants of Glens Falls, Universal Atlas, Dewey, 
Columbia, Aetna and North American companies.—A. J. H 

Slurry ring 49 ft. long in a 207-ft. rotary kiln. O. Frey. Cement and Cement 
Manuf. (England), Dec., 1931, V. 4, No. 12, p. 1341-43.—Rare case of large ring 
formation is described, direct cause of which was high CaSO, content of coal ash, 
combined with abnormal burning conditions. Data are given on composition of 
samples from various parts of the ring.—J. C. P 

Some physical and chemical reactions taking place in a rotary cement 
kiln. T. G. LupGatr. Rock Products, Nov. 21, 1931, V. 34, No. 24, p. 50.—A 210-ft. 
kiln subject to ring formation about 50 ft. from discharge end was shut down without 
cleaning and sampled at intervals. When a slight ring was in evidence efficiency of 
kiln was increased. Larger ring decreased efficiency sharply, holding too much heat 
in front and cooling the feed end below 800 to 840° F. found necessary for good work. 
Ring always formed at tip of flame (powdered coal). Very fine raw mix makes rings 
of a hard composition, narrow in width, and a coarse slabby mix makes long tapering 
rings.—E. 8. 

Effect of gypsum on the soundness of high-limed clinker. O. Gorrin aAnp 
G. MussanuG. Cement and Cement Manuf. (England), Dec., 1931, V. 4, No. 12, p. 
1344-50.—Authors had noted certain cement clinkers containing manganese exceeded 
maximum permissible lime content set down by Guttmann and Kiihl for soundness, 
without developing unsoundness in boiling test. This was found to be due to presence 
of larger quantities of gypsum than normal. Various high-limed clinkers ground with 
different amounts of gypsum were submitted to a number of soundness tests used in 
Germany, all showing improvement in soundness when the gypsum was carried 
beyond amount permitted by specifications.—J. C. P 

The mineralogy of cement. A.C. Davis. Cement and Cement Manuf. (Eng- 
land), Dee., 1931, V. 4, No. 12, p. 1351-54.—This paper is a general discussion of 
compound composition of cement as distinguished from chemical composition. 
Results of chemical, microscopical and X-ray methods of analysis support conclusion 
that major constituents of cement clinker are tri-calcium silicate, di-calcium silicate, 
tri-calcium aluminate and tetra-calcium alumino ferrite.—J. C. P 

Recent developments in the wet process of cement manufacture. E. 
ScuirM. Cement and Cement Manuf. (England), Dec., 1931, V. 4, No. 12, p. 1355-66. 
Advantages of wet process are enumerated, and methods both in use and proposed, 
are described for more completely utilizing the heat of waste gases. Use of chains in 
back end of kilns and of spray slurry feed, have proven successful, and exit-gas 
temperatures are thereby reduced to about 350° C. Numerous other schemes have 
been attempted, some of which are described, for utilizing further the heat of gases 
in evaporating part of water before slurry reaches kiln, but in general these schemes 
have failed from operating troubles. Those which have most promise ‘ are based on a 
preliminary reduction of water content of slurry by mechanical means, to 25% or 
less; then by extrusion or other means thickened paste is broken up into short pieces 
and dried on grates by the passage of gases. Many difficulties have been experienced 
with filters, but where they are successful in handling the particular types of raw 
materials, they are efficient.—J. C. P. 

Mill temperature and the setting time of cements. K. Koyanagi. Cement 
and Cement Manuf. (England), Nov., 1931, V. 4, No. 11, p. 1221-23.—Reply to V. M. 
Anzlovar writing on this subject in April (1931) number of this journal, who ex- 
plained quick set by conversion of gypsum to anhydrite under high temperature 
attained in mill. Soluble form of anhydrite is formed at 150° to 200° C., which is 
in fact more soluble than either the hemi-hydrate or di-hydrate. Insoluble variety 
of anhydrite is formed at much higher temperature. Solubility curves are given for 
the 4 different forms of gypsum.—J. C. P. 

A comparative study of the portland cement industry in the United States 
of America, Canada and the United Kingdom—Part 9. Hat ( nenes. Ce- 
mentand Cement Manuf. (England), Nov., 1931, V. 4, No. 11, p. 1223-25.—Summary of § 
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preceding articles on latest practice in cement manufacture in the 3 countries. Raw 
materials are mostly hard in U. 8. and Can. and require blasting and crushing. In 
U. K. they are soft, can be excavated with mechanical diggers, and reduced to prope r 
fineness by washmill treatment. Hence with few exceptions, methods used in U. 
and Can. are not applicable in U. K. and vice versa. Wet process is applic: able to 
both hard and soft raw materials, and greater control over variations offsets ad- 
vantage of dry process in lower fuel consumption. Use of long kilns (250 to 400 ft.) 
is recommended for utilizing heat without boilers wherever purchased power is che: ap. 
Slurry filters increase kiln efficiency and would seem as applicable to English practice 
as to American. Spray feed of slurry also increases rate of heat exchange from gases 
to slurry. “Unit” system of pulverizing coal most favored in U. K. should be more 
widely used in U.S. Closed circuit oe of raw materials now common in America 
has only restricted field in U. K- 

Rational cement th H. Ric HARZ. Cement and Cement Manuf. (England), 
Nov., 1931, V. 4, No. 1226-1230.— Discussion of factors affecting efficiency of 
3-compartment tube nil’ cielo. The hourly output in |b. per h. p. applied to mill 
shaft is proper criterion. Adjustment of charge of grinding media in each compart- 
ment, regulation of discharge from each compartment, and maintenance of good 
current of air through mill are important factors.—J. C. P. 

A modern high output shaft-kiln plant in Czecho-Slovakia. F. F. Tippmann. 
Cement and Cement Manuf. (England), Nov., 1931, V. 4, No. 11, p. 1231-1240. 
Andreas shaft-kiln installation of high efficiency is fully described and illustrated. 
Average output per 24 hr. is 130 tons high quality clinker, with fuel consumption of 
18% of small coke, corresponding to about 209,000 B. T. U. per 100-lb. clinker. 
Overall power consumption of plant working at full output is 80 K. W. Only two 
workmen are required, a burner and greaser; latter can comfortably serve 2 or 3 
kilns.—J. C. P 

Discoloration of portland cement clinker. ArtHuR J. Poo... Rock Products 
Dec. 19, 1931, V. 34, No. 26, p. 50-52.—Author reviews work and varying con- 
clusions ‘of other investigators of clinker discoloration and gives the result of his own 
experiments. Laboratory tests confirm conclusions of Blaise and Koyanagi, that 
discoloration is due to reducing conditions, but that these need not be sufficient to 
reduce ferric to ferrous iron.—FE. 8. 

Self-unloading boats. Eari C. Harsn. Rock Products, Dec. 19, 1931, V. 34, 
No. 26, p. 17-32.— More than 70 boats on Great Lakes have some sort of self-unload- 
ing equipment; 19 of these carry bulk cement, the others crushed stone, sand and coal. 
Total tonnage is about 280,000 tons. Five unloading arrangements are used for coal 
and aggregates and 4 for bulk cement.—E. 8. 

Grinding plant research. Part 1. WiLuiAM GiLBert. Rock Products, Nov. 21, 
1931, V. 34, No. 24, p. 39-42.—Work for joint research committee of British cement 
manufacturers led directly to making of finely ground, rapid hardening cement. 
Machines investigated were compound tube mills for grinding clinker, comminutors 
and tube mills for grinding coal and compound tube mills for grinding coal. Records 
were kept of 29 distinct items found to affect work of these machines. Samples were 
taken by stopping mill and sampling at regular intervals longitudinally from each 
compartment. These were sieved on 50, 76, 100 and 180 mesh sieves. Whenever 
possible the mill was emptied and grinding bodies were weighed.—-E. 5. 

The cement industry of Cuba. Rock Products, Dec. 5, 1931, V. 34, No. 25, 
p. 25-33.—Cement consumption in Cuba has fallen to about half normal. Plant is 
being partly dismantled, part of equipment removed going to Brazil where parent 
company, International Cement Corp. is building a mill. Article gives interesting 
details of manufacturing in tropics. First attempt to make cement in Cuba was by 
French company, in 1898. Raw_materials are high calcium limestone, known as 

“eoco stone” and clay.—E. 8. 

Studies on hydrothermal synthesis of calcium silicates under ordinary 
pressure. Part 1. SHoicnuiro ‘Nagar. Kogyo Kwagaku Zasshi, Journal of Soc. 
Chem. Ind. (Japan), Oct., 1931, V. 34, Supplemental Binding No. 10, p. 378-S1B. 
Parallel to studies under increased pressure (cf. Kogyo Kwagaku Zasshi, Journal of 
Soc. Chem. Ind. (Japan), July, Sept., 1931, V. 34, Supplemental Binding No. 7, 9, p 
222-4B, 317-9B: Journal A.C. 1., Nov., 1931, V. 3, No. 3, Abstracts, p. 70) author 
synthesizes calcium silicates by heating mixtures of calcium oxide and natural quartz 
meal in proportions of molar ratio 1:1, 3:2 and 2:1 over period of | hour at tem- 
peratures from 1112 to 2012° F. After heating samples were dried and examined for 
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uncombined lime and silica, combined or soluble silica, total lime and total silica. 
No water of crystallization was found in end products. When a 1:1 mixture was 
heated, 3CaO.2SiO. was first produced at 1112, 1300 and 1470° F. but was suddenly 
changed to dicalcium silicate. Monocale ‘ium silicate CaO.SiO» could not be detected. 
Combination between lime and silica is not completed at 2012° F. by short heating. 
Compound 3CaO.2Si0, is produced at lower temperatures and changes at further 
heating. Above 1650° F. only dicalcium silicate is formed.—A. E. B. 


Formulas applicable to air separation. A. W. Cariin. Rock Products, Dec. 
5, 1931, V. 34, No. 25, p. 46-48.— Designations are given for separator and mill in 
open circuit. From these are derived formulas for mill and separator in closed 
circuit.—E. 8. 

77 i) oe in cement industry in spite of obstacles. Concrete, C. M. S., 
1932, 40, No. 1, p. 65.—Increasing use of water transportation for shipment of 
bulk cement is one of developments in distribution. During 1931 several companies 
introduced special cements. Difficulties of marketing and distributing cement under 
highly competitive conditions prevailing have been emphasized. Much has been 
accomplished by stronger plants toward modernization of equipment. Several large 
plants changed from dry to wet process, and a number installed long kilns, dust 
collectors, clinker coolers, and slurry filters.—C. B. 

Slurry filters save fuel in Manitowoc plant. Concrete, C. M.S., Jan., 1932, 
V. 40, No. 1, p. 51.—-A successful installation of drum type slurry filter at Manitowoc, 
Wis., plant of the Medusa Portland Cement Co. has string discharge, was made in 
1928, and consists of 9 filters, arranged so that 3 filters serve each of 3 rotary kilns. 
Limestone-and-clay slurry is employed. Summary of performance is: Reduction in 
slurry moisture, 147; increase in kiln production, 10°;; decrease in consumption of 
pulverized coal, 15°;.——C 

Heat economy in the cement industry. Hans BussmMeyer. 1931, Theodor 
Steinkopff, Dresden and Leipzig, Germany, 82 p. Reviewed in Zeitschr. Vereins 
deutsch. Ingen. (Germany), Nov. 14, 1931, V. 75, No. 46, p. 1423 and in Zement 
(Germany), Dec. 17, 1931, V. 20, No. 51, p. 1073.—Entire field of heat economy in 
cement industry is treated in condensed form. Improvements of old and new in- 
stallations are suggested and valuable information is given about observations and 
experiences in practice taw materials of cement industry, theoretical heat con- 
sumption of clinker burning, heat balance formula for practical kiln operation, 
chemical composition of kiln gases, kilns in cement industry, drying of raw materials 
and coal, power and fuel consumption of cement plants and application of rotary 
kiln waste gas for steam and power production are discussed.—A. E. B. 

Rapid volumetric determination of magnesium in portland cement. Frep 
P. Diener. Concrete, C. M.38., Dec., 1931, V. 39, No. 6, p. 47-48.— Method involves 
mixing 4-gram sample of cement in nitric acid and diluting and boiling until in solution, 
with possible exception of some silica which may separate out. Strong sodium hy- 
droxide solution is added and solution made slightly acid by addition of HCl. So- 
lution is neutralized by addition of calcium carbonate. Other steps include boiling 
and adding potassium permanganate and ethyl! alcohol, filtering, diluting filtrate, 
boiling with addition of saturated solution of 1:3:5 trinitrobenzene in ethyl alcohol, 
adding NaOH solution, intermittent boiling, adding more alkali solution, refiltering, 
adding phenolphthalein indicator and titrating to the disappearance of pink color 
With nitric or hydrochloric acid solution.—C. B 

Decomposition of tricalcium silicate. E. T. Cartson. Rock Products, Dec. 
5, 1931, V. 34, No. 25, p. 52-55.—-A study of conditions affecting the decomposition 
of tricalcium silicate by heat was made on samples prepared by the methods given in 
Bureau of Standards publications. Fresh samples decomposed much less easily than 
aged ones. Charts and tables show that tricalcium silicate begins to break down into 
dicalcium silicate and free lime at some point below 1000° C. and that the maximum 
decomposition takes place at 1175° C. Aged samples decomposed more readily be- 
case moist air had already liberated some free lime. Catalytic effect of gypsum in 
decomposing tricalcium silicate is probably due to lime liberated by its decomposi- 
tion. E. S. 

_ The —— water for concrete. J. Fiiecer. Baulenschutz (Germany), Dec. 

, 1931, , No. 12, p. 138-41.— Effect of chemical composition, especially lime and 
Fence conte nt, upon w ce ratio is mathematically examined. Theoretically and 
practically determined values for a high early strength portland cement are com- 
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pared. It becomes evident that not enough water is used for this cement. Changes 
of compressive and tensile strength of test specimens in K. L.-storage (a new type of 
water storage; cf. Zement (Germany), May, 1930, V. 19, No. 21-2, p. 488-92, 510-5; 
Journa A. C. I., Sept., 1930, V. 2, No. 1, Abstracts, p. 10) seem to be explained by 
this fact. Thought was given to capillary effect of voids in aggregates which absorb 
pnt of water for hydration of cement. Conclusions are that w/c ratio depends upon 

rand of cement and voids of aggregates after tamping of concrete. Theoretical 
deductions agree with findings by Brebera.—A. E. B. 

The preliminary testing of cement according to section 8 of the new 
German standard specification. Gustav HAEGERMANN. Zemeni (Germany), 
Dec. 3, 1931, V. 20, No. 19, p. 1032-6.—Recently published specifications for port- 
land cements include new section giving directions for approximate determination 
of setting time by testing cement pat with finger nail and accelerated test for sound- 
ness by boiling method. Both procedures are liable to give erroneous results and can 
be considered only as preliminary informatory tests. New procedure for simple 
determination of setting time is outlined. An iron rod with conical end of about 14 in. 
size is forced vertically into cement pat (about 34 in. from edge). Criterion for final 
setting time is appearance of cracks running from edge of pat towards impression 
made by rod in pat. Initial set may be determined by cutting off thin slices (about 
7s in.) of pat and observing beginning of crumbling and appearance of fine hair cracks. 
Relative values of great number of accelerated soundness tests were studied with 
result that such tests are in general of no benefit since cements which failed in these 
tests were in most every case sound in practice.—A. E. B 

About the absorption of water by cement. Paut HAENseL, RUDOLF STEIN- 
HERZ AND CARL L. WAGNER. Zement’ (Germany), Dec. 10, 17, 1931, V. 20, No. 50-51, 
p. 1048-52, 1064-9.—New method, so far unknown to cement research, has been 
worked out to study phenomena between cement and water in pastes of normal to very 
wet consistency during period between mixing and final set. Cement is mixed with 
varying amounts of water (up to 140%) and centrifuged under certain constant 
conditions of temperature, speed and time in especially designed apparatus. Amount 
of solution separated from paste increases with increasing amount of mixing water 
and water retained in paste increases until final value is reached depending chiefly 
upon fineness of cement. Experiments with portland and other cements gave 
practically identical results. Cement paste gives off additional amounts of solution 
under repeated stirring and centrifuging and approaches final constant which is 
characteristic for a certain cement. Systems of inert materials (fine ground sand, 
oils) show great similarity with cement-water system as far as amount of retained 
liquid is concerned. Experiments with 1:3 mortars seem to indicate that 12.7% water 
is theoretically necessary amount of mixing water for such mortars.—A. E. B. 


PROPERTIES OF CONCRETE 


Experiments with pressure of poured concrete in forms. ScHINKEL AND 
ScHOENFELDER. Bautechnik (Germany), Nov. 27, 1931, V. 9, No. 51, p. 723-5. 
Pressure of concrete on forms has been studied in several large concrete jobs at 
Mittelland channel, Germany, including concrete poured under water in Contractor 
process (cf. Bautechnik (Germany), March 17, 1931, V. 9, No. 12, p. 176-86). In- 
strument for measuring pressure of concrete consists of rubber membrane built into 
round holes in formwork. Changes in pressure are registered by manometer. In- 
teresting results obtained concerning deformations in forms and their causes lead to 
useful suggestions for proper forming methods.—A. E. B. 

Coordination of old and new laws of concrete-mixture formulation. 
Josern A. Kitts. Pit and Quarry, Jan. 13, 1932, V. 23, No. 8, p. 102-105.—Principles 
advocated by Thacher, Feret, Fuller, Talbot, Abrams and Kitts have been integrated 
mathematically. One table covers cement content for rigid control by absolute 
volume, while other tables give values for alegbraic symbols in formulas and equa- 
tions. These values and their discussions apply to: water-cement-ratio strength law, 
aggregate content, fineness-modulus law, grading for 3 or more aggregates, propor- 
tioning 2 aggregates, proportioning 3 or more aggregates, proportions by absolute 
be proportions by loose-moist bulk volume, and proportions by weight. 


Analysis of properties desired in masonry cements. F. O. ANDEREGG. Rock 
Products, Dec. 5, 1931, V. 34, No. 25, p. 40-42.—Workability is important for good 
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bonding and governs amount of work mason can do. Sand carrying capacity has 
bearing on quality of work. Bond is most important strength ch: uracteristic. Water- 
tightness is important with modern construction and most serious fault is that 
channels are formed through mortar by its shrinking away from unit while it is still 
plastic in other parts. Prevention lies in wetting brick and use of plastic mortar with 
stearate soap to reduce surface tension. Weather resistance is determined largely 
by characteristics of cement. Flexibility is an important characteristic. Most 
important volume change takes place w hile mortar is still plastic. Effects are mini- 
mized by keeping joints narrow, the use of stearate and lime putty. Masonry 
cements should be free from efflorescent s alts, and low in soluble alkali.—E. 8. 

Concrete or other materials in case of corrosion. A. W. Rick. Bautenschutz 
(Germany), Dec. 5, 1931, V. 2, No. 12, p. 141-3.—A comparison is made of suitability 
of concrete, tar-concrete, Prodosit and Harveg (newly developed artificial materials) 
for construction of tanks, supports or conduits for aggressive solutions in chemical 
industry. New materials are very resistant against corrosion but have other mechan- 
ical disadvantages (not as strong as concrete and do not stand great heat). Linings 
and defects of linings are discussed.—A. E. B. 


ENGINEERING DESIGN 
BRIDGES 


Reinforced concrete bridge across river Lahn between Nievern me Fach- 
bach, Germany. Kuosr. Bauingenieur (Germany), Sept. 11, 1931, V. 12, No. 37, 
p. 649-51.— Design of 3-hinged r. c. bridge crossing river Lahn fits ty ni aa of its 
surroundings. Arch which supports roadway has 191 ft. span and 18.8 ft. rise. Total 
length of structure is 333 ft. Abutments are built on gravel bed of high supporting 
value, improved by 16.4-ft. piles which extend 3 ft. into abutments. Road slab 6.7 
in. thick rests on 4 parallel reinforced concrete beams which transmit their load to 
concrete arch by 8 vertical transverse r. c. walls spaced 9.8 ft. apart. On each side 
of bridge are 3-ft. cantilevered sidewalks, which contain channels for pipe lines and 
electrical conduits. Arch is approached on each side by girder bridges resting on 
piers and .e abutments. Centering consisted of 2 parts leaving room for ship 
traffic.—A. E. B. 

An Pmt es memorial bridge in Belgium. Epwarp H. Tassyran. Civil 
Eng., Jan., 1932, V. 2, No. 1, p. 25-27.—Reinforced concrete bridge across Scheldt 
River, near Eyne, Belgium, has appearance of flat arch, but was designed as canti- 
lever. Short central section is supported at ends by steel rollers and plates which 
restrain lateral displacements but allow angular and longitudinal movements. 
Structure is unaffected by settlement of piers. Specifications required artificial 
granite surface. Method of construction was developed to limit thickness of outside 
layer, secure a perfect bond, and forestall all cracking. Principal causes of deteriora- 
tion inherent in usual methods for applying surface coats are: (1) Chemical and 
physical changes take place internally allowing only defective or partial adherence 
to old or set surfaces. (2) Outside coat yields relatively to mass behind because mass 
is affected less by variations of atmospheric temperature and moisture. (3) Finish 
coat of cement and fine particles, produced by troweling mass, is subject to excessive 
checking and rapid deterioration. (4) Without adequate reinforcement near surface 
there is no provision against tensile stresses greater than concrete can withstand. 
In process developed at Eyne, surface coat is monolithic with concrete of mass, with 
no distinct cleavage. Adequate reinforcement is provided close to surface, and ‘bush- 
hammered surface presents closely packed crystalline particles. Coating keyed itself 
into concrete by interpenetration through meshes of wire netting set a few centi- 
meters inside forms. Surface coat and concrete of mass of structure were poured 
simultaneously.—D. E 

Load experiments with the Landquart bridge at the Swiss railroad in 
Klosters, Switzerland. M. Ros. Schweiz. Bauztg. (Switzerland), July 18, 1931, 
V. 98, No. 3, p. 36-40.—Bridge is r. c. arch structure of Maillart type and follows 
curve of 410 ft. radius. Span is 98.4 ft.; rise is 25.9 ft. Thickness of arch increases 
from 10.2 in. at center to 13.4 in. at abutments. Road slab is 16.2 ft. wide, supported 
by 11 vertical r. c. transverse walls standing upon arch and 4 piers at shore. Loading 
experiments were preceded by extensive tests of structural materials. Data are 
furnished about gradation of sand and gravel, sieve curve, cement fineness, com- 
pressive and flexural strength of concrete, shrinkage of cement specimens and heat 
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developed during setting. Concrete was of plastic consistency; sand and gravel were 
proportioned in ratio 3:5. Observations of loading experiments included: vertical 
deformations in center and 2 quarters of arch, vertical and horizontal movements 
and torsion in both abutments, opening and closing of 2 expansion joints of roadbed, 
torsion in crest and 1 half of arch, stresses in all members of 1 half of bridge and 
vertical vibrations of arch in different places.—<A. E. B. 
BUILDINGS 

Use of reinforced concrete skeleton construction type for erection of 
Municipal building in Kassel, Germany. W. Scuarrer. Bauingenieur (Ger- 
many), July 10, 1931, V. 12, No. 28, p. 515-9.—Structure consists of a 6-story front 
building, a 5-story side wing and 2-story building in back. Large windows made r. c. 
skeleton with r. c. rib ceilings most economic design. Ribs are spaced 31.5 in. apart; 
spans of ceiling are 17.4 to 22.3 ft. Ribs were calculated as continuous beams 

indow sills of front section of building are 5.5 in. thick of r. ¢. made from pumice 
aggregates. High early strength portland cement and high gvade ageregates were 


used throughout. Special r. c. construction features are described.—A. E. B. 
Reinforced concrete shell roofs for dwelling oe construction. HERBST. 
Bauingenieur (Germany), July 31, 1931, V. 12, No. 31, p. 555-9.— Design of Zeiss- 


Dywidag ceilings to cover large circul: ir or ie. hedral po, 8 with extremely thin wire- 
mesh r. c. structure in shape of a cupola or vault recently has been applie ‘d with great 
success for dwelling houses arranged i in continuous row. Housing program consisting 
of about 500 flats was built in Berlin-Pankow, Germany, using specially designed 
vault resting on reinforced concrete trusses. This type is distinguished by great 
simplicity, low consumption of structural materials, ability to span long distances 
without supports, great bearing capacity, economic use of space and effective aesthetic 
appearance. Ceiling is about 114 in. thick, has elliptical shape, spans 35.3 ft. and 
rises 8.8 ft. Supporting beams are 5.9 by 19.7 in. and 9.8 by 19.7 in. Latter are of 
2-hinged arch type.—A. 

Unusual composite columns support St. Louis newspaper plant. CHARLES 
W. Martin. Eng. News Record, Dec. 31, 1931, V. 107, No. 27, p. 1042-1044. 
Building of St. Louis Globe-Democrat has unusual structural features including 
ample storage for paper, and is designed to withstand heavy loads and vibrations. 
Largest r. c. girders are 48 in. wide and 86 in. deep at point of maximum negative 
momeat. In composite columns used structural steel element consists of 4-angle 
column with horizontal battens and end plates, and structural concrete element 
consists of r. c. column within box section of structural steel. This type of column 
offered relatively high radius of gyration for evaluated section as a whole—an im- 
portant consideration on account of considerable unbraced length of some of columns. 
It provided a section into which it was easy to anchor horizontal framing members 
of either concrete or steel. Top pl: ites of composite columns, rolled steel slabs, 
typically 44 in. square weighing approx. 2,700 lb., were erected with steel element of 
of columns. Typical section for central ; row columns under large girders is 26 in. 
square, with four 8 x 8 x 1%-in. angles set 2114 in. back to back. Reinforcement for 
concrete element consists of ;-in. spiral of 1834 in. external diam. with 2-in. pitch, 
and twelve 1-in. diam. vertical bars.—D. E. L. 


MISCELLANEOUS 


Fourth rogress report on the column tests made at the University of 
Illinois. fy Ric HART AND G. C. Staznie. J. Am. Cone. Inst., Jan., 1932, V. 3, 
No. 4, Proc., v 28, p. 279-315.—Columns with protective shells were in general as 
strong as corresponding large size columns without shells. For smaller columns, in 
which strength of shell was greater than margin of strength produced by spiral, 
columns with protective shells were considerably stronger than those without shells. 
Columns took load rapidly and stress-strain curves are remarkably straight up to 
~0int at which spalling of concrete shell began. Compared to concrete strength 
indicated by control cylinders, shell was at least 75°; effective in all but 8-in. columns. 
In all cases intermediate grade spiral reinforcement produced a gradual, quiet failure, 
although spalling of large pieces of concrete shell preceding failure was rather violent 
and made strain observations difficult. AuTHORS’ SUMMARY 

Fourth progress report on column tests at Lehigh University. [NGre Lyse 
AND C. L. Kremwier. J. Am. Conc. Inst., Jan., 1932, V. 3, No. 4, Proc., V. 28, p. 
317-346.——Results are presented showing behavior of columns for 52 weeks unde r 
sustained loading toget ee with the strength and deformations when tested to failure 
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after this long period under load. Comparison with previous data indicates 52 weeks 
dry storage did not increase concrete strength appreciably. Strength of wet-stored 
c -ylinders at 60 weeks was about 14°; greater than at 8 weeks. Modulus of elasticity 
increased with increase in strength. Other conclusions were: Deformation due to 
flow of column under sustained working load was slightly greater for columns having 
high strength, and of columns having no spiral reinforeement was greater than that 
of columns having 1.2 or 2.0°7 spiral. Rate of flow was greatest for smallest and least 
for largest percentage of longitudinal reinforcement. For same strength concrete 
columns, greatest shrinkage accompanied lowest percentage of longitudinal reinforce- 
ment. Stress-strain curves for columns are substantially equal to summation of stress- 
strain curves for longitudinal reinforcement and for the concrete. Sustaining of 
working load for 52 weeks had no appreciable effect upon strength of column. 
Effectiveness ratio of spiral reinforcement was independent of strength of cone rete. 
Ultimate strength of column having longitudinal reinforcement only equals (a) 75‘ 
of cylinder strength of concrete times net core area and (b) total yield-point strength 
of longitudinal reinforcement; of column having both spiral and longitudinal reinforce- 
ment it equals (a) 75°; of evlinder strength of concrete times net core area (b) total 
yield-point strength of longitudinal reinforcement and (c) total yield-point strength 
of spiral times its effectiveness ratio.—D. F. J. 

Experiments ger reinforced concrete columns. TREIBER. Bauingenieur 
(Germany), Aug. 7, 1931, V. 12, No. 32-33, p. 591-4.—-Strength of reinforced concrete 
columns depends upon qu: ilitv of concrete, quality and quantity of longitudinal and 
transverse reinforcement, manner of loading and load distribution, duration of load 
and size of column. Cracks occur in outer shell of spirally reinforced concrete columns 
long before critical load is reached; resistance of concrete core is greatly increased. 
Reference is made to American expe riments by Slater, Lyse, Richart and Staehle.— 
A. E. B 

The question of rigidly reinforced columns. ENyepi Beta. Zement (Ger- 
many), Oct. 29, Nov. 5, 1931, V. 20, No. 44-45, p. 955-60, 973-6.—Rd6le of concrete as 
a factor which raises compressive strength of filled or encased steel columns has not 
been considered sufficiently until recently. Experiments by Emperger in 1907 with 
a 11.8-ft. column consisting of 2 flanged I-beams showed increase in strength of 170°; 
when filled with plain concrete. In later vears he claimed strength of r. c. column is 
sum of 2 individual strength values. Transverse reinforcements increase further 
resistance against buckling. Law of ade lition, derived by Emperger is explained, and 
also studies by American investigators and construction processes based on this 
principle are discussed. Use of rigidly reinforced columns is especially practical when 
only limited space is available; great savings of structural materials can be made. Cost 
calculations reveal that r. c. columns are more economical than steel columns although 
the two types are not of equal value and steel must be protected against fire and rust. 
Such columns are more economical than ordinary r. ¢. columns only when rigid rein- 
forcement is not more than 2 to 3°) of concrete core. High quality steel reduces 
and extensive longitudinal reinforcements increase production costs. A. E. B. 

The calculation of beams under uniformly loaded cross-reinforced con- 
crete slabs. F. WiNGeRTER. Bauingenieur (Germany), Sept. 18, 1931, V. 12, No. 
38, p. 670-1.—-German specifications for r. ¢. construction assumes that stresses of 
uniformly loaded rectangular concrete slabs reinforced in 2 directions are distributed 
uniformly upon supporting walls or beams. Author explains by means of static 
considerations that better and more accurate results can be obtained when parabolic 
load distribution is assumed.— A. E. B 

Ocean pool at ay Beach, Vancouver. A. S. Woorron. Canadian 
Engineer, Dec. 1, 1931, 61, No. 22, p. 9.—Ocean pool built on rock section of fore- 
shore, is elliptical in Ue with axes of 700 and 200 ft. Outer wall is of granite on 
sandstone base with inner wall of reinforced concrete tied to granite masonry. Wall 
coping is of precast concrete interlocking sections 26 in. wide with rounded crest. 
Outer wall is built to such height as to take advantage of 12 ft. tide in replenishing 
and renewing water within pool.G. M. W. 

Design of distribution reservoirs. Curster A. Smiru. Canadian Engineer, 
Dec. 1, 1931, V. 61, No. 22, p. 9.-After discussing embankment materials and con- 
struction, author refers to lining. Dense mix concrete is desired, of proportions not 
less than 1-2-4 with minimum water for workable mix. Slump should not exceed 1 in. 
on slopes. Minimum thickness should be 4 in. with increase to 8 in. for depths to 40 
ft. Gunite coating 1'5 to 4 in. thick may be used. Some designs employed 
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double concrete slab with membrane waterproofing between. Reinforcing may be 
“chicken wire,” expanded metal, welded wire fabric or steel bars. Slab is not designed 
to resist moment but .2 to .4% steel reinforcement must be used to care for tem- 
perature and moisture stresses in slab. Joints to provide for slab movement should 
be 15 to 40 ft. apart and should remain watertight. Watertightness may be obtained 
either by flexible metal strip embedded in the 2 slabs or by asphaltic mastic. Joining 
2 slab surfaces by fabric saturated with pitch will add to tightness of mastic joint. 
Metal type should be used for high heads and when absolute watertightness is 
necessary. Various waterproofings are employed but dense well proportioned con- 


crete will be watertight for most working conditions. —G. M. W 


The erection of the stadium in Vienna, Austria. Constructive questions 
and experiences. Rupouir Tit LMANN. Zeitschr. Ostr. Ingen. Archit. Vereins (Austria), 
Aug. 21, Sept. 4, 1931, V. 83, No. 33-36, p. 261-5, 273-6.—Design of large elliptical 
shaped stadium built entirely of r. c. is described in detail. R. c. frames and trusses 
are of interesting design. High alumina cement was used in foundations; remainder 
of structure was built from ordinary portland cement.——A. E. B 


A reinforced concrete chimney for a dairy company in Stuttgart, Germany. 
Zement (Germany), Dec. 17, 1931, V. 20, No. 51, p. 1072-3.—Monolithie r. ¢. chimney 
for new enlarged power station of dairy company rises 262.5 ft. above top edge of 
foundation. Lower diameter is 16.7 ft., top diameter is 8.7 ft. Wall thickness ranges 
from 6 to 9.8 in. Entire structure was finished in 40 days by Heine process with 
sliding forms. To protect chimney against corrosion by gases and excessive heat 
stresses, interior was provided with 4.7-in. layer of brick and a 2 to 234-in. layer of 
light blast furnace slag. Shoulders for this layer are arranged every 41 to 49 ft. to 
prevent settling of loose materials. Superstructure rests on r. c. slab 4.6 ft. thick and 
24.6 ft. in diam., which itself rests on 30-ft. r. c. piles. Aggregates were Rhine gravel 
(50% 0-% in. and 506% 4-34 in.).—A. E. B. 

Observations on pressure exerted by earth on retaining walls. CzyGan. 
Bauingenieur (Germany), Aug. 7, 1931, V. 12, No. 32-33, p. 582-4.—Mathematical 
discussion of earth pressure illustrates conditions considering only exterior forces 
(gravity); cohesion and elasticity of materials are neglected. Special attention is 
given to pressure on vertical retaining walls with horizontal earth surface. Results 
obtained with new formula derived by author are compared with those of earlier 
investigators.-A. E. B 


The determination of the safe load on soils by means of impact experi- 
ments. TH. BRANNEKAEMPER. Bauingenieur (Germany), Sept. 18, 1931, V. 12, 
No. 38, p. 672-3.—New method enables examination of bearing capacity of con- 
struction soils. Vertical face of excavation is subjected to repeated impacts by a 
weight. Material which breaks off is collected and its weight is criterion for bearing 
capacity. Method has practical value in excavating work.—-A. E. B. 

Co-ordinated laws of concrete mixtures and their application. Jos. A. 
Kitts. Concrete, Dec., 1931, V. 39, No. 6, p. 13-15.-Author gives procedure for 
making mixture calculations using hypothetical figures of 4,000 p. s. i. compressive 
strength at 28 da., 3-in. maximum (square hole) size of aggregate, and 3-in. slump. 
Formulas and tables are given for the determination of mixing water, yield of concrete, 
aggregate content, fineness modulus of mixed aggregate, grading of mixed aggregate, 
proportioning of three or more aggregates, proportions by moist volume, by moist 
weight, and by loose-moist volume.—C. B. 

Testing concrete structures. L. GoopwyNn Wits. Conc. Constr. Eng., Dec., 
1931, V. 26, No. 12, p. 670-72.—Reliable information now available regarding the 
plastic yield and shrinkage of concrete has made possible systematic testing of con- 
crete structures by a comparison between computed and observed deflections through- 
out a period of 3 mo. to 1 yr. In test, following measurements are made: time and 
temperature when placing; consistency and compressive strength of batches; times 
of striking centering, of application and removal of loads; deflection measurements for 
all main members at successive intervals. Deflections are calculated taking account 
of tensile strength of concrete, shrinkage, creep and temperature stresses. Results of 
comparison of calculated with observed deflections are different than of old method 
which ignores shrinkage and creep in concrete. Maximum tensile stresses developed 
in the concrete can be computed, and give indication of probable life of structure if 
opened to weather. Method requires elaborate calculations, but has advantages. 
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Stresses in deep beams and the reinforcement of reinforced concrete 
supporting walls. Hermann Bay. Konrad Wittwer, Stuttgart, Germany. 
Reviewed in Bauingenieur (Germany), Nov. 6, 1931, V. 12, No. 45, p. 810 and 
Bautechnik (Germany), Dec. 11, 1931, V. 9, No. 54, p. 783.—Stresses in rectangular 
slabs are calculated approximately by method based on fundamental equations 
of disk theory and with consideration of relation to slab theory. This has been 
worked out for frequently occurring cases in statics of reinforced concrete practice. 
Stresses are diagramatically demonstrated for various cases of loading. Amount and 
distribution of longitudina! reinforcement calculated theoretically are checked by 
optical method with good agreement.—A. E. B 


Quantity or quality in concrete construction practice? R. MAILuarr. 
Schweiz. Bauztg. (Switzerland), Sept. 19, 1931, V. 98, No. 12, p. 149-50.—Question 
of stability of structures and sub-soil conditions are discussed in connection with 
design and aesthetic effect. Increasing mass in concrete structures does not always 
increase safety; bearing capacity of soil may be overstepped and failures may result 
after many years. Uneven settlement of foundations seriously disturbs equilibrium 
conditions in underground. Ch: anges in temperature cause undesirable stresses in 
large concrete masses. Correct static calculations of such structures are very difficult. 
Careful study of prevailing conditions and continuous examination of structural 
materials produce better, more efficient and more effective concrete buildings. 
A. E. B. 

Seawall combines precast frame and poured parabolic apron. Cart WEBER. 
Eng. News Record, Dec. 31, 3" V. 107, No. 27, p. 1032-33.—Reinforced concrete 
seawall recently completed at Palm Beach, Fla., embodies several novel features 
in design and construction. Se awall 23 ft. high, rests on steel foundation formed by 
driving 85-lb. railroad rails 33 ft. long into underlying rock base. Rock is a combina- 
tion limestone and coral formation, fissured and of character permiiting driving of 
steel piling to penetration of 22 ft. below low-water level. Front of wall represents a 
parabolic surface with sharp return or throw-back curve below coping. An under- 
water r. c. cutoff wall was placed in trench in rock to depth of 8 ft. below lower edge of 
curved wall. Seawall is combination of premolded and cast-in-place r. c. Premolded 
sections are united with poured-in-place parts by extension of reinforcing bars and 
by concreting the interlocking joints. Underwater and supporting members of seawall 
were premolded and cured 30 da. near seawall location to prevent contact with sea- 
water before concrete had aged hardened. Premolding also permitted placing 
parts without cofferdams, by simple jetting method. Cast-in-place sections are 
bottom coping, curved apron, headwall with throw-back curve and top coping. 
Wave wash and scour, disastrous to vertical and stepped-type seawalls and eddies 
that cause washing of sand beach in front of wall are eliminated.—D. E. 

Poured concrete seawall and ¢groins is 27 lost beach. Frep E. ZurWELLE. 
Eng. News Record, Dee. 31, 1931, V. 107, No. 27, p. 1030-32.Gravity-type concrete 
seawall in combination with a series of groins ne “0 Palm Beach, Fla., has operated 
efficiently in forming new sand beach along entire 2,050-ft. length. Wall is of receding 
curved-face type of full-gravity section, resting on 1,500 wood wr, and was poured 
in place in the dry, a permanent steel sheetpiling cutoff wall at the toe forming 
effective cofferdam. Wall utilized 3.15 cu. yd. of concrete per iin ft. and 650 tons 
of steel sheetpiling was used in cutoff walls and groins. Resistance to sliding is 
provided by batter piles. Resulting vertical upward reaction of these piles is resisted 
partly by the weight of wall and partly by a row of vertical piling under heel of wall 
tested to resist an uplift greater than 10 tons. Toe of wall rests on row of wood piles 
driven to rock. Lower part of wall was stepped to provide a place to walk in event 
no beach was formed in front of wall, to simplify construction of the footing and to 
provide a surface on which to erect the forms for upper part of wall.—D. E. L. 
SEWERS 


Storm-relief sewer details, Dayton, Ohio. GrorGcr R. Barre anv R. E. Van 
Horn. Eng. News Record, Dec. 24, 1931, V. 107, No. 26, p. 1007-1009.—-Findlay St. 
storm sewer was built at Dayton, Ohio, to divert to Mad River the flow of several 
sewers formerly discharging into Miami and Ene Canal. Elevation of sewer at various 
points was determined by water level of Mad River, by street grades and by eleva- 
tions of various underground structures. In general, sewer is of circular section but 
unusual conditions made flat top sections necessary at several points. Interior sur- 
faces of junction chambers and sewer sections were designed to eliminate head losses 
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due to friction. This resulted in some unusual sections. Where calculated velocity 
exceeded 7 f. p. s. 3 rows of 10-in. vitrified liner plates were laid in groove in invert. 
After forms were removed, these liner plates were grouted with soft 1:3 mortar and 
then swept with same mortar to fill all voids. Complete structure was designed for 
loading of 20-ton trucks, increased by impact, earth load and other conditions pro- 
ducing maximum stresses. Other factors included a static head of 26.5 ft., internal 
pressure and a maximum velocity of 17.8 sec. ft. Manholes required to resist internal 
pare and to provide entrance at street grade each consists of circular body em- 
»edded in concrete and re cover bolted down and sealed with gaskets to insure 
watertight joint.—D. E 
The moment Gentinnten or Cross method of structural analysis extended 
to lateral loads and members of variable section. G. E. Larce anp C. T. 
Morris. Ohio State University, Eng. Exp. Sta., Bul. 66.—Moment distribution 
method for calculating moments for statically inde ‘terminate beams or frames is ve ry 
sasy to apply where there are no displacements of joints and where moments of 
inertia are constant in any one member. Here this procedure is extended to ae lude 
frames wherein joints are displaced, by introducing another general principle. Taking 
tall building frame, for example, this principle is that the sum of column moments in 
each story must equal shear in story times story height. Where moments of inertia 
of members are not uniform, a method by finite integration involving general prin- 
ciples of area moments is worked out for finding fixed end moments, carry-over 
factors, and stiffness variations; all of which involves no higher mathematics. Curves 
are worked out for these values for certain beam condition including beams with 
tension side curved, and haunched beams where length of haunchis1/5span, for both 
uniform loads and central concentrated loads. A brief resume of basis theory with 
general fundamentals demonstrated is appended.—J. R. 8 


Contributions to the design of three-hinged arches. AKE Ericsson. 
Teknisk Tidskrift (Sweden), Oct. 24, 1931, p. 134-139. Contrary to statements in 
R. Mayer’s work ‘Die Knickfestigkeit,” author obtains higher values of reactions 
for 3-hinged arch when loaded to capacity. Mayer uses middle point of each half of 
arch only to compare moments, while author assumes that arch after deflection is 
represented by equilibrium polygon for applied loads. Three cases were treated: 
arch without tie rods, and with tie rods that take moment only, and arch with tie rod 
that takes both moment and tension. For the first case two mathematical solutions 
were used with almost identical results. For each case author’s value of horizontal 
force for ultimate strength is compared with Mayer’s values. Arch with tie rod that 
takes both moment and tension could not fail in pl: ine through center of gravity line. 
In tests on models with and without tie rods, with span of 199.7 cm., it was assumed 
the difference between computed and measured values of horizontal forces came from 

friction.—O. A. 


ARCHITECTURAL DESIGN 


German Building Exhibition in Berlin, Germany, 1931. Section: The 
modern buildings. Joser GaNnrNer. Zentralblatt der Bauverwaltung (Germany), 
Nov. 25, 1931, V. 51, No. 49-50, p. 725-9.—Critical consideration of aesthetics of 
remarkable modern Ge ‘rman structures includes several industrial buildings, resi- 
dences and dwelling house programs.--A. E. B 


St. Wenzeslaus church in Prague, Czecho- wat H. W. Sprorre. Zen- 
tralblatt d. Bauverwaltung (Germany), Nov. 4, 1931, V. 51, No. 45-46, p. 649-51. 
Author criticizes slow development of modern are hitectural designs for church 
structures and makes comparisons between industrial and other buildings. Not 
sufficient use is made of reinforced concrete. Aesthetics of church built in 1929 and 
designed by P. Josef Gocar, are discussed. A. E. B. 

Architecture in concrete. The British Portland Cement Association (England), 
2nd edition, 43 p. Reviewed in Zement (Germany), Dec. 17, 1931, V. 20, No. 51, p 
1073.— Numerous illustrations of concrete and r. ¢. structures, most of them of mono- 
lithic character, are shown and discussed. Impressive effect of ornaments and 
sculptures of concrete is illustrated. Contrast in appearance of unfinished rough and 
highly decorated surfaces is attractive. Much life is brought into concrete by use of 
uniform molds which allow form marks to show. This was done successfully in con- 
struction of Nikolai church in Dortmund, Germany (cf. Bauingenieur (Germany), 
Jan. 2, 1931, V. 12, No. 1, p. 4-6; Journax A. C. L., Nov., 1931, V. 3, No. 3, Abstracts, 
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p. 67) and Hohenzollerndamm church in Berlin. Use of concrete bricks permits 
many aesthetic designs. Several American structures are characterized.—A. E. B. 


FIELD CONSTRUCTION 
BRIDGES 

Repair of a defective concrete arch bridge. GerHarp Menscu. Bauingenieur 
(Germany), July 10, 1931, V. 12, No. 28, p. 519-22.-Improperly made hinge con- 
struction of 3-hinged concrete road bridge caused considerable damage during earth 
filling jobs. Bridge with span of 47.2 ft. and rise of 11.5 ft. has 36-ft. roadway with 
cantilevered sidewalks. Insufficient consideration was given to stresses produced by 
skew and wide cracks appeared at abutments. Damage was repaired by new design 
of hinges with heavy anchorages.—A. E. B. 

Tunkhannock Viaduct— Report on 17 year’s service. M. Hirscnruar. Eng. 
News Record, Jan. 14, 1932, V. 108, No. 2, p. 57-9.— After about 17 years service the 
2375-ft. bridge of the Lackawanna R. R. in Nicholson, Pa., is in almost perfect con- 
dition. Cracks in parapets at refuge bays over each pier due to sudden ch: anges of 
section and inadequate provision for expansion of parapets have been filled with 
elastic asphaltic filler which is unsightly but protective. There is also some dis- 
coloring from drainage water. At only one point has concrete spalled, due to piece 
of wood left in parapet. Mix for floor system of abutment spans was 1:2:4 and rest 
of structure 1:3:5. Aggregate was broken limestone.—-G. M 

The Lake Champlain Bridge. Cuas. M. Sporrorp. Proc. Am. Soc. C. E., 
Dec., 1931, V. 57, No. 10, p. 1467.—Special features marked construction of 14 con- 
crete piers. Six different grades of concrete were used, varied from 1:2.5:5 with 4 in. 
maximum slump and 7.7 gal. water per sack to 1:1.5:2 with 3 in. maximum slump 
and proportion of water to be determined in the field. Piers were placed on bed rock 
at maximum depth of 100 ft. below low-water level. Piers No. 3 to 8 were laid by 
open coffer dam method and concrete was deposited under water by special l-yd. 
bottom dump buckets. These are probably deepest piers yet constructed by single 
wall open coffer-dam with deep concrete seal deposited under water. Filling bucket 
level full prevented washing surface concrete by rush of water over edges as bucket 
was submerged. Slump of 3 to 4 in. was found best. From 20 ft. below low water 
level, coffer-dams were unwatered and the remainder of concrete was placed in dry 
Preliminary tests showed that concrete similar to that used deposited in water under 
50 Ib. per sq. in. (equivalent to a head of 115 feet) develops somewhat higher com- 
pressive strength in periods between 3 and 28 days than does similar concrete setting 
under atmospheric conditions.—H. . 

BUILDINGS 

Contest for improvement of economic methods for construction of solid 
ceilings for dwelling houses. Erich Frank. Bauingenieur (Germany), Sept. 11, 
1931, V. 12, No. 37, p. 651-4.—-Purpose of contest was to prove superiority of brick 
floors over wooden floor structures. Numerous types of bricks are listed most of 
them being concrete and r. c. bricks with ordinary or light-weight aggregates. Applica- 
tion of designs for dwelling house construction was chiefly —_—— red. Economy of 
various methods is pointed out with detailed cost estimates.—A. E. B. 

We wry floor type eliminates use of concrete “revi Concrete, Jan., 1932, 

. 40, No. 1, p. 9-10.—-New type of fireproof floor construction involving use of light 
r. ¢. aaman ‘tion and hollow gypsum units in conjunction with r. c. or structural steel 
frame, was installed in extension of Rothschild bldg., Chicago. Extension has 
structural steel frame, with floor girders and beams incased in concrete. Reinforced 
concrete floor is designed to carry entire floor load imposed on construction. In 
placing unit is held by 2 straps slung around it and when placed it has bearing of 
approx. 1/4 in. on steel flange at each end. When all units on a floor are placed, 
cement-and-sand mortar is placed in spaces along sides of beams and girders. No 
form work, shoring or bracing was needed. Crew of 12 men and one foreman hoisted 
units from street and placed 4,800 sq. ft. in 8-hr. day.—C. B. 


DAMS 
Consolidation of dams by means ~y cement injections. E. Meyer. Schweiz. 
Bauztg. (Switzerland), Sept. 12, 1931, V. 98, No. 11, p. 129-32.—-Earth dam along 


water channel of power station, Rae of layers of sand, loam and gravel, which 
showed considerable leakage was consolidated by injections of cement paste. About 
40 holes were drilled (approximately 35 ft. deep) through which 1:1:1 cement-sand- 
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water mix was forced. Decrease of amounts of water leaking through dam is clearly 
demonstrated in graphs with progressing injection of cement. Program was in 2 sec- 
tions with an interval of 3 months and excellent results were secured.—A. E. B 


MISCELLANEOUS 

Retaining wall of concrete crib work. Engineer (England), Nov. 6, 1931, 7. 
152, No. 3956, p. 482.—Type of retaining wall construction in extensive use in U.S. 
consists of cribs or frames built into place with pre-cast r. c. beams to form row of cells 
or compartments. Cells are filled with loose well-draining material as wall rises so 
cribbing is embedded in and anchored into the embankment. Heights vary from 3 
to 25 ft. Construction has both economic and practical advantages as well as a high 
salvage value in removal. Massey, Polaris, Prendergast and Federal systems which 
differ in shape of pre-cast members, are described.—G. M. W. 

Reinforced concrete structures in Russia made from precast concrete 
parts. Max Mayer. Bauingenieur (Germany), Sept. 18, 1931, V. 12, No. 38, p. 
673-4.—Modern Russian practice of r. c¢. construction and different types of work 
with pre-cast concrete and r. c. parts are described. Methods are in general very well 
designed but show lack of economy. Winter construction on large office and in- 
dustrial buildings are described.—A. E. B. 

The new coal mill of the Hansa mine in Dortmund-Huckarde, Germany. 
Luenrs. Bauingenieur (Germany), Sept. 25, 1931, V. 12, No. 39, p. 688-90.—Con- 
struction of several bins for powdered coal and water reservoirs of coal w: ishing plant 
in improvement program of large German coal mine is distinguished by rapid con- 
struction progress in spite of bad weather conditions and very limited space at site 
of construction. Arrangement of structures, their dimensions and materials are 
described with emphasis on architectural design.- A. E. B. 

Coal bin of 1,650 tons capacity of the Federal mines in Limburg, Holland. 
A. Konrap. Bauinge nieur (Germany), Aug. 28, 1931, V. 9, No. 35, p. ty New 
r. c. storage bin of coal washing plant consists of 2 sections: bin, 124.7 ft. long and 
room, 26 ft. long for power equipment of conveyor belts, and st: vote iys. Total 
capacity is 1,650 tons. Bin i is divided into 8 main pockets and one smaller one. Load- 
ing platform i is 34 ft. above discharge platform; between is bin structure 29.5 ft. wide. 
Supporting structure consists of 12 frames. Separating walls are inclined at angle of 
50°. Lower ends of pockets are funnel-shaped, have round openings and table dis- 
charges. Difficulties were encountered in placing foundations due to close proximity 
of older structures. Only 1 expansion joint was made for entire length of building. 
Static calculations of r. c. members are given. Limited space allowed only erection 
of distribution tower and concrete mixing plant at site; forms and reinforcing were 
transported over bridge crossing 6 railroad tracks with heavy traffic. Planed forms 
were used for outside surface of concrete.—A. E. B. 

Fulton street, East River tunnels, New York, N. Y. Mives EB. Kitumer. 
Proc. Am. Soc. C. E., Dee., 1931, V. 57, No. 10, p. 1517.—Open shields were used 
through sand or gravel. The void left by the advanci ing tail of the shield was filled 
with pea gravel shot either dry or inundated through an armored hose under air 

ure, as “shove” progressed. It prevented any natural subsidence that would 

ave occurred otherwise with disastrous settlement of adjacent buildings. Graveling 

done in first ring behind tail was followed by pressure grouting from 7 to 20 rings back. 

Grout penetrates further than gravel, fills seams and even lifts ground that has 

slumped. In loose ground, even when settlement to buildings does not enter grouting 

= used to check the loss of air. Placing of actual concrete lining was in ‘‘normal 
” after driving was completed.—H. J. G. 

 IGeaeatientbon to the problem of working joints in concrete. H. Branpvt. 
Bauingenieur (Germany), Sept. 4, 1931, V. 12, No. 36, p. 634-7.-After discussing 
reasons for making working joints in concrete structures, author lists their chief faults 
and weakness. Examples of practice illustrate that joints not properly made can be 
direct cause of spalling and destruction of entire buildings. Causes for such failures 
are noted and remedies suggested. American experiments contributed considerably 
to solution of problem.—A. E. B. 

Preliminary specifications for waterproofing of engineering structures. 
German Railway Co., 1931, Wilhelm Ernst und Sohn, Berlin, Germany, 59 p. Re- 
viewed in Zeitschr. Ostr. Ingen, Archit. Vereins (Austria), Nov. 27, 1931, V. 83, No. 
47-8, p. 354.—Methods used by German Railway Co. for waterproofing expansion 
joints, vaults, retaining walls, abutments, foundations, bridges, road decks, culverts 
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and tunnels are described as well as materials for this purpose and test methods for 
such materials. Examples of practice illustrate properties and experiences.—A. E. 

——— form construction in Brooklyn subway. Concrete, Jan., 1932, 
V. 40, No. 1, p. 21-23.—Wood-fibre board was used to give form-finished surface to 
section of Inte Lacan a subway, Brooklyn, N. Y., consisting of a series of continuous 
rows of segmental arches, spanning between heavy plate girders, fireproofed with 
concrete. The span of the segmental arch is 5 ft., with an 8-in rise. Slab depth at 
crown is 5 in., at spring line 10'4in. Concrete beam is formed by incasing lower part 
of 18-in. I-beam full width of flange. Beam sides were constructed of 4-in. wood- 
fibre board, with light skeleton frame of | x 4 in. material running laterally the length 
of beam side. In construction of arch, 2 x 10-in. curved wood templates cut to fit 
curve of arch were placed about 30 in. o. c. Ribs of 1 x 4 in. lumber were centered 
about 4 to 5 in. apart to support 4-in. fibre board. Stripping was systematic and 
fibre board was re-used 9 to 14 times.—C. B. 

Drydock reconstruction of Puget Sound Navy Yard. Cuas. E. DickeMan. 
Eng. ‘News Record, Dec. 31, 1931, V. 107, No. 27, p. 1044-5.—In reconstruction of 
Drydock No. 1 at Puget Sound, structure, 660 ft. long and 57 ft. wide on bottom, was 
lengthened 13 ft. and widened 10 ft. About a million board ft. of timber was removed, 
and large quantity of old concrete blasted out. Forms for new concrete were built in 
24 ft. sections, and — 8 times. Steel was made in mats and plac % by crane. Con- 
crete mix was 1:2.1:3.54, with ave rage 28-da. stre ngth of 4400 p. s. i. Concrete was 
discharged from central plant mixer into dump-bottom buckets, cea to dock by 
truck and placed by cranes. Cost was $365,892.—G. M. 

New crushing plant includes ready- mixed concrete plant. H. M. Fircu. 
Rock Products, Nov. 7, 1931, V. 34, No. 23, p. 25-29.—New plant of Francey Stone 
and Supply Co., Wauwatosa, Wis., has central mixing plant built integrally with 
stone crushing plant, although it produces stone for sale as well as for its own use. 
Four batching bins receive sand (bought) and %4-in., 1)-in. and 2-in. stone from 
plant. Another bin holds bulk cement. All materials are batched by weight and can 
be delivered to trucks to be sold as batched materials or to mixer. Screenings of 
stone plant are not used in its concrete but are sold to nearby products plants where 
they are preferred on account of their light color—E. 8. 

Ready-mixed-concrete industry advances rapidly and improves product. 
Pit and Quarry, Jan. 13, 1932, V. 23, No. 8, p. 59-62, 77.—Many plants, both for 
central mixing and mixing-in-transit were erected, some for both types of operation 
Short descriptions of new plants of Warner Co. at Morrisville, Pa.; Fort Worth Sand 
and Gravel Co., Fort Worth, Tex.; Bode Gravel Co., and Readymix Concrete Co., 
San Francisco, Cal.; Cincinnati Builders’ Supply Co. at Cincinnati, O.—A. J. H. 

Maintains precise dispatching system to regulate concrete deliveries. W 
EK. Traurrer. Pit and Quarry, Jan. 13, 1932, V. 23, No. 8, p. 38-44.—San Francisco 
plant of Readymix Concrete Co., Ltd., interlocks with plant of Kaiser Paving Co., 
which provides aggregates in 7 grades. The 2 adjacent plants are connected by in- 
clined my omg Bulk cement is unloaded from box cars by a portable pneumatic 
unit into a 4-in. line to two 875-bbl. steel tanks. Screw conveyors to batcher have 
automatic hate control which feeds cement within 10 or 20 lb. of desired weight. 
Water, cement and aggregates drop to drum-type mixer, discharging thence to 2- 
compartment movable hopper which delivers to agitator trucks. Plant crew com- 
prises 8 men. A. J. H. 

New batching plant in Brooklyn uses automatic control. Pit and Quarry, 
Jan. 13, 1932, V. 23, No. 8, p. 45-48, 89.—A photoelectric cell built into each scale 
dial controls measurement of ingredie nts in new plant of Cranford Materials Corp., 
Brooklyn, N. Y. Cement and aggregates are received in barges. Cement and ag- 
gregates are stored in compartment bias. Automatic signi als warn operators when 
compartments are nearly filled. Aggregates are weighed in 10-ton hopper, cement in 
2'%-ton hopper. These hoppers discharge to single batch hopper from which mixing 
trucks are loaded. Water is measured from calibrated tank into each truck’s tank. 
For weighing cement and aggregates scale dials are set at desired weight and the 
feeders started. As each specified weight is reached, scale pointer intercepts light 
from photoelectric cell, a eer is tripped, and feed motor stopped.—-A. J. H 
ROADS AND PAVEMENTS 


Controlling durability of concrete highway construction. R. B. Gaae. 
Concrete, Jan., 1932, V. 40, No. 1, p. 11-12.—-Methods employed by New Jersey to 
insure required strength, density and durability of pavement concrete are: Equip- 
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ment for preparation of different grades of aggregates has been standardized for 
uniform grade of product; skilled inspectors insure materials s. ipplied comply with 
requirements and are kept uniform in composition; coarse aggregate is produced and 
shipped in two separate sizes; different sizes of coarse aggregate are so proportioned 
that resulting product will have minimum void content; quantities of different 
aggregates required per batch are determined by weight; method of operating batch- 
ing equipment and determining grading and moisture content of aggregates is checked 
at frequent intervals by batching plant inspector.—C. 

Concrete road construction makes new record in 1931. Concrete, Jan., 1932, 
V. 40, No. 1, p. 7-9.—Contracts awarded for concrete road construction in 1931 will 
be more than the 108,005,864 sq. yd. awarded in 1930. Use of high-early-strength 
cement is receiving more consideration as means of shortening time and cost of 
curing, and eliminating necessity for detours, aided by further practice of concreting 
road slab half at atime. The use of two mixers in tandem is important development. 
Use of bulk cement is now permitted, and even encouraged, by many state highway 
departments. Resurfacing of old concrete roads, often accompanied by widening, 
has become important factor. Minimum cement content is established in most states, 
ranging from 1.25 to 1.70 bbl. per cu. yd. of concrete.—C. B. 

Resurface old roads and streets with concrete slabs. Concrete, Jan., 1932, 
P. 15, V. 40, No. 1, p. 15-16.—On State Route No. 1, near Chicago, 18-ft. pavement 

was originally ‘ 2-in. asphalt top on a 4%-in., 1:3 13-6" concrete base. Asphalt surface 
was replaced by a 6-in. layer of 1:2:31% concrete, reinforced with wire mesh. Only 
effort made to bond top to base was sweeping with brooms. No longitudinal joints 
were installed. Transverse joints were put in only at construction joints and at noon 
and night stops. Concrete resurfacing of old brick pavement in Elgin, IIl., was slab 
7 in. thick reinforced with mesh weighing 83 |b. per 100 sq. ft. Concrete was propor- 
tioned 1:114:2'%. Light traffic was permitted in three days. Resurfacing was from 
34 to 42 ft. wide, divided into four lanes by three longitudinal joints. Cost, $2.00 
per sq. yd.—C. B. 

Concrete road construction marked by precision. E. M. Fiemine. Eng. 
News Record, Jan. 7, 1932, V. 108, No. 2, p. 14-17.—Discussion of practices in different 
states regarding cover for subgrades, use of materials, mixes, admixtures, proportion- 
ing plant layouts and equipment—particularly mixing devices, a“ practice, joint 
construction, finishing and curing, crews, outputs, and costs. . M. 

SEWERS 

Construction of sewer system in Munich, Germany, using Vianini spun 
concrete pipes. E. StecHer anp O. Lorescu. Gesundheits Ingenieur (Germany), 
1931, No. 35, p. 525-33.—Detailed report describes experiences with spun concrete 
pipe of Vianini type, manufacture, curing and placing as well as test methods and 
results. Advantages and disadvantages for certain types of work are pointed out. 
It was not entirely satisfactory for this particular sewer job but can be successfully 
used for locations with less earth pressure.—A. E. B 


SHop MANUFACTURE 

Colored ornamental products hold market in surrounding area. Concreic, 
Jan., 1932, V. 40, No. 1, p. 17.—Ornamental concrete products made by Akron, Ind. 
plant, include a well diversified selection made from a dozen different molds. Coloring 
applied by a machine under high pressure in a plastic form, is commercially prepared 
mixture having portland cement base, and including carefully selected and graded 
aggregate, mineral coloring matter and other chemical ingredients, finely ground. 
This coat forms tenacious bond with surface upon which it is shot. Coloring material 
for plastic coat and flaky material for lustrous finish are supplied in dry form. Burial 
vaults are colored in subdued tints.—C. B. 

Advance market developed for back-up units. Concrete, Jan., 1932, V. 40, 
No. 2, p. 13-14.—A market for light weight concrete back-up units and light weight 
concrete brick has been developed in Madison, Wis., by Blue Jay Concrete Products 
Co., in advance of installation of material-handling and manufacturing facilities. 
Study of facilities necessary for manufacture of light weight units indicated little 
additional equipment would be needed but a plant extension was required to provide 
additional working space, curing tunnels, etc. Light weight concrete units were 
obtained from a large plant 60 mi. away, and aggressive merchandising campaign 
was launched. Sales in 1929 were equivalent to 90,000 8 x 8 x 16-in. units, and 160,000 
in 1930.—C. B. 





























ABSTRACTS 


MATERIALS 
ADMIXTURES 


The sulphur treatment of mortars and concrete. M. Fasrini. Cemento 
armato (Italy), 1931, V. 28, No. 8, p. 62-3.—New patented process is presented for 
efficient treatment of mortar and concrete with sulphur to improve their compressive 
strength and resistance to abrasion. Satisfactory absorption was obtained by in- 
serting dry and heated specimens (194° F.) into a hot sulphur bath (252° F.). Ab- 
sorption was increased by adding 5 to 8% ferric chloride to mortar and concrete 
which also improved compressive strength. New process can not be used for r. c. 
or for plain concrete in contact with metals or moisture. Attempts to reduce libera- 
tion of lime by pozzolana additions failed. Better results were obtained with 1% of 
dense bituminous material mixed with sulphur. This material must have same 
specific gravity as sulphur to avoid separation of masses.—A. E. B 
AGGREGATES 

Plant with special washing facilities. Rock Products, Jan. 30, 1932, V. 35, 
No. 2, p. 17-24.—Undailla Valley Sand and Gravel Co., S. Edenston, N. Y., makes 
four aggregates, sand, uncrushed gravel, mixed crushed and uncrushed gravel and 
100% crushed gravel. All of these are washed.—E. 8. 

CEMENT 

Kiln dust recovery at the Ford Motor Co. cement plant. E. H. peConinau. 
Rock Products, Jan. 30, 1932, V. 35, No. 2, p. 27-9.—This is the first plant to use bag 
filtration to recover kiln dust, to make portland cement of slag by wet process and 
to use radiant heat of kilns to dry coal. Describes dust recovery equipment.—E. S. 

New cement plant in L’Ain. H. Trysserre. Rev. materiaux construction trav. 
publics (France), Dec., 1931, p. 502-6.—In plant built alongside old one producing 
lime and natural cement, shaft kiln was adopted for greater fuel economy.—M. A. C. 

The ferrous oxide content of dusting clinker. Karsuzo Koyanagi. Zement 
(Germany), Dec. 31, 1931, V. 20, No. 53, p. 1098-9.—Contrary to findings by Mun- 
dorf (cf. Zement (Germany), June, 1930, V. 19, No. 26, p. 608-9; JourNaL A. C. L., 
Oct., 1930, V. 2, No. 2, Abstracts, p. 31) author found very little or no ferrous oxide 
in interior dusting portion of poorly burned clinker balls. Three different layers 
were separated and their chemical composition determined.—A. E. B. 

The chemical composition of cement. K. K. Aauro. Acta Chem. Fennica 
(Finland), 1931, No. 4, p. 26.—Different opinions are expressed in publications by 
Le Chatelier, Jorgensen, Zulkowsky, Duchez and their co-workers re composition of 
cement. Triangular coordinate systems have special application for demonstration 
of systems with 3 components such as lime, silica and alumina. Some investigators 
did not give sufficient consideration in their formulas for constitution of portland 
cement to work by Rankin and Erculisse. Formula of latter does not explain for- 
mation of 5CaO.3A1,0;.—A. E. B. 

The effect of sea water upon the free lime in cements. J. J. Ferrar VipAL 
GUELL. Cemento armato (Italy), 1930, No. 7, p. 474; Reviewed in L’Industrie Chimique 
(France), Dec., 1931, V. 18, No. 215, p. 884.—Best cements for marine structures 
immune to sea water are natural cements, high alumina cements of fondu type and 
pozzolan cements. Specifications for such cements should include paragraph for 
determination of uncombined lime.—A. E. B. 

Thermo chemistry of portland cement. Study of heat of formation of alit 
and Jaeneckeit. Orro Fr. Honus. Chimie et Industrie (France), Nov., 1931, V. 26, 
No. 5, p. 1011-22.—Authors present a study of the formation of portland cement and 
derive their theory from thermo chemical standpoint, giving data on heat con- 
sumption in different types of kilns, and details of decomposition of argillaceous 
materials and limestone. Molecular heat of formation of compound 4(3CaQ.SiO,).3- 
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CaO.Al,0:, considered as alite, was determined when prepared from CaCO), silica 
and alumina. Jaeneckeit, 8CaO.Al,0;.2SiO., was made from clay and limestone and 
heat of formation measured. It was also synthesized from CaO and clay. Theoretical 
heats of formation for these compounds were calculated and compared.—A. E. B. 


A critical study of some recent investigations of the hydration of calcium 
aluminate. Henri Laruma. Rev. materiaux construction trav. publics (France), 
Dec., 1931, P- 485-90; Jan., 1932, p. 9-15.—Author finds it difficult to conciliate re- 
searches by Lerch and Bogue, Wells, Thorvaldsen, Grace and Vigfusson with those of 
Travers and Sehnoutka and to correlate these studies with earlier ones of LeChatelier, 
North, Klein and Phillips, as well as with his own work. In reviewing effect of water 
on anhydrous aluminates of calcium, he discusses hydrated tetracalcium aluminate, 
effect of water on Al,O;.CaO and 3A1l,0;.5CaO; also on Al,O;.3CaO. Work of Travers 
and Sehnoutka is discussed at length. Constitution of crystalline hydrated calcium 
aluminates, procedure of solution in water of hydrated calcium aluminates, relation 
between various crystalline forms of aluminates and PH of medium and an inter- 
pretation of experimental results obtained.—M. A. C. 


Byproduct gypsum as a retarder of cement setting. Katsuzo Koyanaai. 
Rock Products, Jan. 30, 1932, V. 35, No. 2, p. 32-6.—Efforts to use cement retarder 
byproduct gypsum from manufacture of double superphosphate, have not been 
successful because of some phosphoric acid content considered harmful to cement. 
The author has investigated fully the effect of calcium phosphate compounds on the 
setting and hardening of cement and gives results of chemical and microscopic re- 
search. Effect with all cements was to delay initial and final setting times about an 
hour but effect on strength and hardening is slight because it has little influence on 
formation of calcium silicate gel. It was impossible to sufficiently remove phosphoric 
acid by washing with water.—E. S. 

Heat economy in the cement industry—I. Hans BussmMeyrer. Cement and 
Cement Manuf. (England), Jan., 1932, V. 5, No. 1, p. 2-12.—This first paper of the 
series defines theoretical heat requirement of clinker burning as difference between 
(1) heat absorbed—consisting of heat required to raise raw materials to 900-950° C., 
expulsion of CO», and heat to raise calcined materials to about 1450° C.,—and (2) heat 
recovered—consisting of exothermic effect of clinker formation, heat contained in CO, 
expelled at 900-950° C. and heat contained in clinker at 1450° C. It is shown that this 
theoretical heat requirement varies from 375000 to 422000 keal. per 1000 Kg. clinker, 
depending on CaCO; content of raw mix. In this discussion author assumes the value 
420000 keal. per 1000 Kg. (756,000 B. T. U. per 1000 lb.). The heat balance equation 
is then derived, giving amount of fuel required to supply theoretical heat, heat of 
CO, and moisture expelled from raw mix, heat of waste gases, and heat losses, which 
include all losses except that due to exit gases. A detailed analysis of kiln waste gases 
is given, and data presented indicate record of CO, in waste gases gives no certain 
information regarding proper burning conditions, because it affords no criterion as 
to whether amount of excess air at any instant is in agreement with fuel consumption. 
Reliable oxygen recorder does provide this criterion, once minimum oxygen content 
below which CO is formed has been established. Quantity of excess air used in modern 
kilns can be consjderably reduced but not safely much below a factor of 1.2, corres- 
ponding to 3.20% oxygen in waste gases.—J. C. P. 

Modern tendencies in cement manufacture. Cement and Cement Manuf. 
(England), Jan., 1932, V. 5, No. 1, p. 13-18.—Modern tendencies are toward lower 
cost of production and better quality, the latter confined mainly to higher strength. 
Lower cost results mainly from less labor, brought about by combinations of equip- 
ment and larger units. Simplification is facilitated by lower power costs. Tendency 
is to make plant less susceptible to fluctuations of human effort, e. g., by substitution 
of pneumatic transport for conveyors and elevators, and by installation of automatic 
weighing and feeding devices, and recording devices for control of burning. Tendency 
is to purchase power instead of manufacturing it at plant, higher cost being offset by 
elimination of expensive equipment and expert knowledge and supervision to main- 
tain power plant.—J. C. P. 

The hardening of portland cement. Discussion between Prof. Hans Kihl 
and F. F. Tippmann. Cement and Cement Manuf. (England), Jan., 1932, V. 5, 
No. 1, 19-27.—Discussion hinges mainly on the end products of cement hydrolysis 
and hydration, Kiihl taking issue with Tippmann’s view that silica gel and Ca(OH), 
and not hydrated silicates are formed. He also objects to Tippmann’s statement 
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that crystalline Ca(OH), is basis of cementitious property of cement, maintaining 
that calcium hydrosilicate is most important constituent of hardened cement. 
Authors are not in agree — as to forms and properties of Ca(OH). developed under 
different conditions:—J. C. I 


Fifty years in the cement ~~ on Cement and Cement Manuf. (England), 
Jan., 1932, V. 5, No. 1, p. 28-31.—Review of the development of the business of 
F. L. Smidth and Co., started by F. L. Smidth in Copenhagen, 1882.—J. C. P 


New haegg works at Cordoba, Spain. Cement and Cement Manuf. (Eng- 
land), Jan., 1932, V. 5, No. 1, p. 33-35.—Condensed description of a new plant and 
its equipme nt, of which an interesting feature is ““Lepol’” type kiln by Polysius.— 

Studies on synthesis of calcium silicates. Part 1. SHoicuiro NAGAI AND 
Ker-Icut AkryaMa. Kogyo Kwagaku Zasshi, Journal Soc. Chem. Ind. (Japan), Dec., 
1931, V. 34, Supplemental binding No. 12, p. 471-3.—Summary of results of studies 
of synthesis of portland cement clinker constituents includes: 1:1 mixtures of pure 
calcium carbonate and silica were heated to 1652 to 2822° F. for 1 hr. and heated 
products tested for uncombined lime, combined lime, insoluble silica, combined 
silica, specific gravity, ete. First 3CaO.2SiO. was produced at 1652 to 2012° F. and 
changed slowly to dicalcium silicate at 2192 to 2552° F. Thereafter it was changed 
again to CaO.SiO, by heating above 2642° F. Monocalcium silicate was obtained 
by heating at 2372° F. for 5 hr. and hydraulic properties tested by small-piece method. 
ee properties are very weak and strength increases very slowly in water.— 
A. E. B. 

Progress in cement research during 1930. C.R.PLatzMann. Zement (Ger- 
many), Dec. 24, 31, 1931, V. 20, No. 52-3, p. 1080-4, 1095-8.—Author continuous 
yearly bibliographic review of cement research (cf. "Zement (Germany), July 31, 
Sept. 4, 1930, V. 19, No. 31, 36, p. 722-4, 843-7; Journat A. C. I., Nov., 1930, V. 2 
Abstracts p. 62), referring to changes of standard specifications for cement and con- 
crete in various countries; special cements; plastic mortars; relation between tensile 
strength and constancy of volume; role of ferric and ferrous oxide in cement; new 
developments in petrographic research; developments of modern cement plants; 
effect of fire, frost, aggressive chemical reagents and mechanical forces upon cement 
and concrete; admixtures; newly developed types of light-weight concrete.—-A. E. B. 
MISCELLANEOUS 

Refractory coatings and mortars. L. Litinsky. Revue Metallurgie (France), 
Sept., 1931, V. 28, No. 9, p. 477-502.— Description is given of numerous types of 
commercial refractory mortars; their chemical composition and physical properties. 
Modern mortar spraying equipments and processes are described; comprehensive 
list of references—A. E. B. 


PROPERTIES OF CONCRETE 


Elastic coefficient, concrete strength and the cement-water ratio. R. 
Dutron. Rev. materiaux construction trav. publics (France), Jan., 1932, p. 1-8. 
With aid of numerous diagrams author demonstrates use of cement-water ratio 
(inverse of w/c ratio is used in Europe).—M. A. C. 


The conservation of concrete pipes fer municipal drainage systems. 
Werpuicu. Techn. Gemeindeblait (Germany), Feb. 25, 1931, V. 34, No. 4, p. 42-3.— 
Inspection of extensive pipe system, for 23 years in service in Blankenburg i. Harz 
(Germany), revealed perfect condition of all pipes.—A. E. B. 

Effect of the rate of increasing load application on compression tests of 
cement mortars. EpmMonp Marcorte. Rev. materiaux construction trav. publics, 
(France), Jan. 1932, p. 15-16.—Results obtained by Aldo Bruschi_ of Materials 
Laboratory in Florence, Italy, and by Cesare Biffi, Chief of Roads Laboratory in 
Milan, Italy, are review red. Strength of materials increases with accelerated rate of 
loading. Effect of the “gradient” of increasing load depends on the machine, modulus 
of elasticity and other properties of materials used.- f as 

The effect of small additions of cement to lime mortar on its strength. 
K. Manni. Mitteilungen des Staatl. Techn. Versuchsamts in Vienna (Austria), 1931, 
V. 19, No. 1-3, p. 80-6.—Strengths of 1:3 lime mortars with additions of portland 
cement up to 12% were investigated. Compressive strength is raised by additions 
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of 3% by weight while tonaee seg is not affected. Latter is improved by addi- 
tions from 10 to 12%.— A. E. 


Investigations of were concrete with X-rays. R. BERNHARD. Zen- 
tralbl. der Bauverwaltung (Germany), Dec. 30, 1931, ¥ 51, No. 55, p. 806-7.—Modern 
X-ray technique allows investigation of arrangement, number and size of reinforce- 
ments in old and new reinforced concrete members. Structure of concrete, voids and 
cracks can be readily detected. X-ray studies are of special importance for enl: arge- 
ment 7 2 ee investigation of concrete failures, study of structures after fires, 
etc.— 


Temperatures of concrete during setting and hardening period. Hektor 
Peretti. Jndustria Italiana del Cemento (Italy), March 1931; reviewed in Oesterreich. 
Bauztg. (Austria), Jan. 30, 1932, V. 8, No. 5, p. 56-8.—Chs anges in temperature in 
interior of concrete gravity dam V alle dell’ Orco, Italy, were systematically investi- 
gated by means of built in recording thermocouples. Dam is 177.2 ft. high, 147.6 ft. 
wide at its base and 16.4 ft. at its'crest. Automatic registering device was used to 
Ts distribution of heat in interior and changes during several months period. 
—A. 


Strength of reinforced concrete for construction of dwelling houses in 1931 
in Vienna, os, ALEXANDER Hascu. Zeitschr. Oester. Ing. und Archit. 
Vereins (Austria), Jan. 15, 1932, V. 84, No. 1-2, p. 4-5.—Test cubes made from 
ordinary and high early strength portland cements used for construction of all 
Municipal buildings erected in Vienna during 1931 were tested for strength. Experi- 
ments were made with plain and r. c. beams in laboratory and at site. Interesting 
conclusions concern various reinforcements, w, c-ratio, construction control, sand 
i. ition, aggregates, special steels and economic methods of construction. 
A. E. B. 


Investigations during removal of the Schwarzenberg bridge and experi- 
ments with concrete specimens of Emperger system reinforced with cast 
iron. W. GeHLer, H. AMos AND G. TRAUER. 1931, Wilhelm Ernst und Sohn, 
Berlin, Germany. Reviewed in Bauingenieur (Germany), Dec. 18, 1931, V. 12, No. 
51, p. 907.—Publication No. 68 of German Committee on Reinforced Conc rete 
reports experiments at Institutes for Testing Materials at Technical Universities in 
Dresden and Berlin, Germany, including condition of bridge before removal, con- 
sideration of forces at joints between concrete and metal, elastic strength properties 
of concrete, cast iron and steel and joint action of structural materials in structure. 
Special consideration is given to strength tests of concrete specimens cut from parts 
of old structures.— A. E. B. 


New investigations of effect of chemically aggressive solutions upon 
cement and mortar. E. Prosst anp Karu E. Dorscu. 1931, Research Reports 
from Institute for Concrete and Reinforced concrete at Technical U ae in 
Karlsruhe, Germany. Reviewed in Bauingenieur (Germany), Dec. 18, 1931, V. 

No. 51, p. 908.—A critical review of systematic scientific investigations of Ry 2 
brand and type of cement, fineness of cement, properties and composition of aggre- 
gates, density, porosity, kind of aggressive solutions and their temperatures. Aggres- 

sive solutions were ammonium sulfate, magnesium sulfate, barium chloride, sodium 
hydroxide, sodium sulfate, magnesium chloride, sugar, aluminium sulfate and am- 
monium hydroxide. Durability of cement mortar specimens was studied in solutions 
of different concentrations, temperatures and different methods of storage.—A. E. B. 


The analysis of set concrete. W. T. Cooks, W. Sr. B. More, G. 8S. Dick = 
T. W. DaLwoop. Chem. Eng. and Mining Rev. (Australia), Oct. 5, 1931, V. 
No. 277, p. 25-30.—A critical discussion of application, advantages and tie 
of methods by Kriege and by Burke with suggestions for improvements. Kriege’s 
method depends entirely upon estimate of soluble silica in sample. Method needs 
amendement because (1) no allowance is made for water and carbon dioxide taken up 
during setting and hardening period of concrete, (2) it is unreasonable to assume a 
fixed content of soluble silica for all cements, (3) one evaporation of filtrate is not 
sufficient to recover all silica, (4) no allowance i is made for soluble silica of aggregates. 
Burke’s method is based on fact that set cement loses its water of combination and 
carbon dioxide at high temperatures. Concrete heated to 1300°F. is readily disinte- 
grated. Coarse a: u fine aggregates are separated. Success of method depends 
greatly upon quality of concrete and nature of aggregates.—A. E. B. 
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Hot cement has no ill effect in concrete paving. Eng. News Record, Feb. 18, 
— V. 108, No. 7, p. 244-5.—Tests by subcommittee of cement committee of 
T. M. on 6-mile Dunes Relief Highway in northern Ind. indicate virtually no 
po Sa in workability, strength, volume change, checking or cracking of paving 
concrete made from ce ment at 180° F. or more. Cy linders and beams were made and 
tested in addition to observations on 4 sections 20 ft. wide and 160 ft. long. Neither 
flash sets nor consistent relations between slump and temperature were observed. 
Workability is affected more by weather conditions than by temperature of cement. 
G. M. 


Haydite aggregates and concrete. FRANK E. ag AND VERNON P. JENSEN. 
Bul. 237, Univ. of Illinois Eng. Experiment Sta., Oct. 27, 1931, issued Feb. 1932. 
V. 29, No. 17, 82 p.—Reports results of very extensive Mss rH of properties of 
Western Haydite and of concretes and test members made therefrom, by replacing 
either coarse aggregate only or both fine and coarse aggregate with Haydite. Fine 
Haydite used in tests weighed 54 lb. per cu. ft. measured loose and dry, 62 in dry 
rodded condition; coarse Haydite 43 and 47 lb. Fine Haydite absorbed 14% and 
coarse Haydite 7G, of its dry weight (about 4% that of normal aggregates), but 
absorption was greater when Haydite was initially moist. Soundness of Haydite 
was satisfactory in sodium sulphate tests. H: aydite concretes, in a wide range of 
mixes, but with coarse H: aydite limited to max. of 55% of total aggregates by volume, 
weighed 95 to 100 lb. per cu. ft. for all-Haydite cone rete, 115 to 120 lb. for sand- 
Haydite concrete. Compressive strength followed normal water-cement ratio 
relation, with proper corrections for absorbed moisture. Increase of strength with 
age was normal. Modulus of elasticity was about 55% of normal for all-Haydite 
concrete and about 75% for sand-Haydite concrete. The diagonal tension resistance 
of unreinforced Haydite concrete was normal. Ordinary topping adhered satisfac- 
torily to Haydite concrete bases in floors. Reinforced Haydite beams and columns 
showed normal strengths in all respects, except that spiral-type all-Haydite columns 
tested lower than normal. Sand-Haydite columns were normal. Lower modulus of 
elasticity of Haydite concrete lowered neutral axis of flexural members increasing 
deflection. Lowered neutral axis requires more reinforcement for balanced condi- 
tion, but great saving in weight results in net economy in flexural members, as well as 
reduced load on columns and foundations. Tests indicate value of n in columns is 
not important; increased value of n does not result in advantage that may be expected 
from design formulas. Bond of Haydite concrete to reinforcing bars was normal in 
both beam and pull-out tests.—A. R. L. 


The rate of loading in compression tests on cement mortars. CESARE BIFFI. 
Le Strade (Italy), Sept. 1931, V. 13, No. 9, p. 284-8.—Studies at Regional Laboratory 
of Firenze show effect of rate of loading on results of compression tests of mortars. 
Eighty specimens were broken, 20 at each age of 3, 7, 14 and 180 days. The specimens 
all had the same water, cement and sand content and were broken in the same 
machine of hydraulic type. Rates of loading ranged from 71 to 2840 p.s.i. per sec. 
Data tabulated and shown graphically, indicate: (1) Low rates of loading show greater 
variation than high rates. (2) Strength increases lineally with increase in rate of 
loading. (3) Relation appears constant within range of strengths of 6400 to11,350 
p.s.l. investigated. Relation may be given as R:’ = R: + K (t' —t) where R: is 
strength in p.s.i. for rate of loading of ¢ tons per sec. on whole section of specimen. 
R;' is strength in p.s.i. for rate of loading of ¢ tons per sec. and K is factor which from 
this data is 142 p.s.i. It is concluded that (1) rate of loading greatly affects results 
of compression tests (2) effect of rate depends on other variables such as modulus of 
elasticity of mortar, type of machine used and mortar mixture (3) a rate. of loading 
of 284 p.s.i. per sec. is advised as the most convenient for most cements.—C. G. C. 
AND M.N. C. 


Properties and problems of masonry cements. J. C. Pearson, J. Am. Cone. 
Inst., Feb., 1932, V. 3, No. 6, Proc. V. 28, p. 349-361.—Over 40 brands of masonry 
cement are generally accepted without specific ation restrictions and in absence of 
handy measure of plasticity, volume change, adhesion, etc. it was deemed logical to 
establish a list of most important properties, including: plasticity; volume change; 
weather resistance or durability; bond strength or adhesion; elasti ic ity or flexibility; 
rate of stiffening; efloresence; impermeability; strength (tensile or compressive); 
staining or fading. Problems of different types of masonry construction are not 
identical and properties of cements listed must be assigned different weights accord- 
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ing to kind of unit and of structure. Watertightness of walls is composed of problems 
of design, workmanship, volume changes, adhesion etc. Type of cement is important. 
Quality has been based mainly on strength but in masonry cements there are num- 
erous properties more important than strength.—D. F. J. 


Studies of workability of concrete. T. C. Powers. J. Am. Conc. Inst. Feb., 
1932, V. 3, No. 6, Proc. V. 28, p. 419-448. —Progress is reported in study of worka- 
bility of concrete mixtures by ‘ ‘remolding test’? which measures relative effort 
required to change mass of fresh concrete from one definite shape to another by 
jigging. For any specific materials, workability is determined by combined effects 
of three factors (a) quantity of cement-water paste (including admixtures if any) 
per unit volume of concrete, (b) consistency of the paste, (c) gradation and type of 
aggregate. Remolding test appears to provide a good indication of amount of 
placing effort required by a mix under certain conditions. Basic concept underlying 
this study of concrete mixtures is that in all plastic mixtures of fluid and solid fluid 
forms a continuous body in which all of solids are suspended and have some freedom 
for movement. General study of workability is mani a consideration of conditions 
necessary to plasticity and of those factors which affect degree of plasticity and 
mobility. Placing condition is a factor in concrete workability. Degree of plasticity 
and cohesiveness are inherent in mixture but degree of mobility, other half of work- 
ability, depends upon placing conditions.—D. F. J. 


Tests of concrete from a transit mixer. 8. C. Houuster. J. Am. Cone. 
Inst., Feb., 1932, V. 3, No. 6, Proc. V. 28, p. 405-417.—A variety of concrete mixtures 
made in 1- to 4-cu. yd. truck transit mixers were tested, mixing time extending in 
some cases to 90 minutes, to determine relation between strength of concrete and time 
of mix; relation of time of mix to degree of uniformity of concrete produced; of other 
observable features of mixing operations to both strength and uniformity of output. 
Transit mixed concrete strengths resulting from 40 revolutions of drum to 90 minutes 
mixing were greater than that of conc rete mixed by usual methods at corresponding 
ages. Mixing 40 or more revolutions in transit mixer, gave higher strengths than 
similar mixes from ordinary mixer after one m.nute of® ‘mixing. For workable mix 
strength does not vary for mixing periods from “40 revolutions to 114 hours. Seven 
and 28-day strengths ‘have direct relation to water-cement ratio. Where water was 
added during mixing to improve workability, strength of regauged concrete bore same 
relation to water-cement ratio after regauging as though mixture had been made 
originally with that water-cement ratio.—D. F. J 


The structural performance of concrete masonry walls. F. E. Ricuarr. 
J. Am. Cone. Inst., Feb., 1932, V. 3, No. 6, Proc. V. 28, p. 363-385.—Data from 
tests on load-bearing walls establish relations between compressive and flexural 
strengths of walls and strength and type of building unit, strength of mortar, kind 
of mortar joint and thickness and size of wall. Small panels (wallettes) were com- 
pared with story-height wall test panels to establish a representative wall test speci- 
men. Aggregates in specimens were Haydite, sand and gravel, crushed limestone, 
cinders and crushed air-cooled slag. Average ratio between compressive strength of 
wall and strength of unit was .53. Ratio between compressive strength of large walls 
and wallettes averaged .91. Compressive strength of large wall panels depends 
mainly upon strength of building units, working stresses of 70 and 80 p.s.i. for walls 
in compression giving safety factors 4.4 to 11.5. Where only face-shell of 3-oval 
core units was bedded in mortar, compressive strength of wall was 80% of that with 
full bedding. Flexural strength was approximately same for both cases and depended 
upon adhesion of mortar to the building unit with failure following a horizontal 
mortar joint.—D. F. J 

ENGINEERING DESIGN 
BRIDGES 

Movements of piers during construction of multiple-span reinforced 
concrete arch bridges. Witsur M. Witson. Bul. 234, Univ. of Illinois Eng. Exper- 
iment Sta., Oct. 2, 1931, issued Jan. 1932. V. 29, No. 10, 30 p.—Observation on 
piers of 5 bridges with different foundation conditions included: two on rock, two on 
piles in gravel and one partly on both. Two bridges were skewed, one very greatly. 
Actual pier movements were reassuringly small but yet appreciable, indicating desira- 
bility of observations on the job. Amount of rotation due to all causes—tipping, 
settlement and turning—was computed to result in stresses in the concrete of the 
arches ranging from 40 to 100 p.s.i.—A. R. L. 
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Tables for design of arch bridges and culverts. F. von BurLow anp J. 
Wiacer. Beton u. Eisen (Germany), Dec. 5, 1931, V. 30. Heft 23, p. 409-13.—An 
extension and expansion (including correction of some errors) of articles which ap- 
peared in Beton u. Eisen, Heft 23 in 1923, and Heft 17 in 1924. Tables give for various 
ratios of rise to half-span, depth of fill, and for tangents of angle of repose of fill of 0.1 
0.3, 0.5, coordinates for arch axis best suited to take load. These shapes of axis are 
based on form taken by the pressure line curve of loading. Use of tables is explained 
and illustrated by several examples.—A. A. B 

Design of bridges. EvGrenio Kiermperc. ZJngenieria (Mexico), June, 1931, 

’. 5, No. 6, p. 192-4 and 224.—Empirical formulas for design of arch bridges for 
highways and railroads are discussed. Haenel formula for thickness d at crown of 
masonry arch is d = m1 + 0.1 where m is 0.2 for highway and 0.25 for railway 
bridges and 1 is span of arch. Kaven formula for masonry arches is d = 0.25 + 


1(0.025 + 0.0034 Ly where f is rise of arch. If fill S at crown is greater than 3.3 ft. 
f 


value of d is multiplied by factor \ 1+ ee f for railway and \ 1+ os for high- 
4.5 ‘ 

way bridges. Heinzerling formula for masonry arches is d = 0.40 + 0.025 r where r 

is radius of arch. Houselle gives formula for solid concrete arch bridges d = 0.2 + 

0.022r with a crown thickness of 0.85d and at the springing of 1.15d. Perronet 

formula for stone arches with cement mortar is d = 0.035/ + 0.33 for I less then 


52.5 ft. d = for less than 105 ft. Tolkmitt formula is given for a solid masonry 


arch with reference axis the intrados and not axis of arch as for other cases. Value 
of d for railroad bridges of long spans of r. c. varies between 1/60 and 1/100 of span 
and for very high strength concrete 1/128.—C. G. C. anp M. N. C 


Concrete pag for long-span construction. E. Freyssiner. Translated 
and reviewed by J. T. Thompson. Civil Engineering, Feb. 1932, V. 2, No. 2, p. 91-6. 
—Plans are being ae to achieve arches of unprecedented dimensions by novel 
use of materials. Concrete five times stronger than now commonly used can be 
obtained by selection of properly graded aggregates, control of w/c ratio, and vibra- 
tion in placing. Safe working stresses of hard steels in framed structures are penalized 
because of brittleness. It is believed that hooped compression members are never 
brittle regardless of natural brittleness of materials comprising them. All brittle 
bodies undergo large plastic deformations when subjected simultaneously to com- 
pression and to a sufficiently great restraint against lateral expansion. This is 
accomplished in members with hooped reinforcement. Dead load stresses can be 
reduced by use of hollowed arch ribs formed by constructing intrados and extrados 
slabs connected by 2 or more vertical spandrel walls,. as in Albert Louppe bridge, 
France. By reinforcing, 15,000 p.s.i. concrete, with 2.5% transverse steel having 
elastic limit of 120,000 p.s.i., material can be produced to meet demands of 5000-ft. 
arch. Due to tendency of arches to buckle transversely in long spans, it is helpful to 
flare arch laterally at supports. Chief difficulty in construction of long span con- 
crete arches is in construction of centering. Method of pouring the concrete in 
successive layers or stages is advocated. Centering need only be strong enough to 
support its own dead weight, wind forces, and weight of first stage of concrete. This, 
when hardened, will support the next stage, and so on. First sts age consisted of 
intrados slab; next, of 2 of 4 vertical walls; third, of remaining 2 vertical walls; and 


last, _of extrados slab. Centering may be steel, reinforced concrete, or timber.— 
D. 


Reinforced concrete arch bridge of two 1490-ft. spans. K. Hasnat-Kowny1. 
Beton u. Eisen (Germany), Nov. 5, 1931, V. 30, Heft 21, p. 370-3.—Daring design by 
French engineer, Henry Lossier, for bridge over Rance River proposes spans 2.5 
times that of Plougastel bridge. The axes of the 2 spans form 30 deg. angle with each 
other. Arches are founded on two ends of rock projection in midstream, and are 
parabolic with height of 286 ft. from springing at m.w.l|., to axis at mid span. Arch 
section consists of 2 concrete truss sections slightly inclined to each other and varying 
in depth from 32 ft. at crown to 50 ft. at springing. aoe and bottom chords of truss 
section are 10.5 ft. wide and vary in depth from 5. 8 ft. to 10.2 ft. Wind resistance is 
provided by a K-bracing in plane of top chord, 2 rigid portals in each span, lateral 
bracing of top and bottom chord in arch portions below roadway, and vertical rigid 
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portals between opposite roadway hangers. Roadway is 43 ft. wide, suspended by 
r. c. hangers 18 in. diam. spaced at 84 ft. The 28-day cube strength of mix specifie d 
was 5900 Pp. .8.i. which will be increased by 20% by pump conveying. Load require- 
ments include: uniform loads of 100 and 80 Ib. per sq. ft. for roadway and sidewalk 
respectively; 3 series of trucks each of two 4-and one 12-ton, pean snpact; wind pressure 
of 50 lb. per sq. ft. on unloaded structure; temperature variation of + 27°C. Allow- 
able stresses are: 1000 to 1260 p.s.i. for roadway and 1960 p.s.i. for arch concrete; 
21,000 p.s.i. for high strength steel and 16,800 for usual commercial steel. An 7 
value was 10.—A. A. B. 


Double-deck viaduct built over Cincinnati terminal. Eng. News Record. 
Feb. 11, 1932, V. 108, No. 6, p. 202-5.—Double-deck, r. c. grade separation viaduct 
3500 ft. long over Mill Creek valley at Cincinnati, is designed under Ohio state 
highway specifications using live load of 20-ton trucks and 50-ton street cars. Upper 
level carrying high-speed traffic has 40-ft. roadway and two 6-ft. sidewalks, and lower 
level has 40-ft. roadway for truck and street-car trafhe. Viaduct consists of series of 
2- and 3-span frames and 2 arch spans. Longest frame span is 78) ft., and height 
varies from 22 to 90 ft. Frames are r. c. and concrete-cased structural steel. Hinges 
were introduced in part of columns at lower deck level. Concrete was obtained from 
a concrete-mixing company. Total cost is estimated at $3,500,000.— G. M. 
BUILDINGS 


Transformer station Norden in Frankfurt a. M., Germany. Cerro. Zen- 
tralbl. der Bauwverwaltung (Germany), Feb. 3, 1932, V. 52, No. 5, p. 49-53.—Skeleton 
of reinforced concrete frames was found to be most economic structure for new trans- 
former station. Exterior appearance shows well designed combin: 7. of reinforced 
concrete and glass. Roof is thin reinforced concrete skin.— A. E. 


Concrete encased steel skeleton structures. BrUNO va ER. Ze ilschr. 
Oestr. Ing. und Archit. Vereins (Austria), Jan. 15, 1932, V. 84, No. 1-2, p. 2-5 
Steel skeleton construction is uneconomic when compressive strength of concrete, 
which is needed as fireproof encasing, is not taken into consideration. Reinforced 
concrete skeletons allow a much more economic use of steel. For new process are 
claimed higher degree of efficiency, lower construction costs and no necessity for 
concrete formwork. Steel skeleton is built in new manner and reinforcing bars are 
specially arranged.—A. E. B. 

Reinforced concrete office pe in Hamburg. H. Kupauu. Belton u. 
Eisen (Germany), Dec. 5, 1931, 30, Heft 23, p. 401-7.—Sprinken-Hof structure, is 
large complex building vhs Ta a city block. In some cases building straddles a 
city street. Section 1 of Sprinken-Hof, 232 x 193 ft., has 10 stories designed for 100 
lb. per sq. ft., and constructed of r. c. Section 2 cove rs ground area of approx. 21,500 
sq. ft. not including court area. One-way slabs reduce number of beams and leave 
more freedom for later rearrangement of offices. Striking features are effective use 
of brick for facing large building and readiness of architect to adopt curved and other 
unstereotyped forms.—<A. A. B 


Deflections and vibrations in high buildings. L. J. Menscu. J. Am. Cone. 
Inst., Feb., 1932, V. 3, No. 6, Proc. V. 28, p. 387-404.—Simple proof by moment 
area method is presented for working rule for finding shears in columns of wind brac- 
ing system in buildings up to 30 stories high. Dividing total wind load by number of 
panels gives shear on inside columns and shear on outside columns is assumed to 
be half that of inside columns. Method given considers relative stiffness of columns 
and girders. Vibrations of tall buildings are computed taking into consideration 
bending and shear in wind bracing system. Deflections due to steady wind load are 
computed, also the period of vibration due to a single application or cessation of a 
disturbing force and amplitude of oscillations caused by the gustiness of the wind, 
comparing vibrations of solid rod with those of open frame wind bracing system. 
Actuating forces applied at base of tall building as in earthquakes cause complex 
vibrations with nodes and points of contraflexure making difficult the solution of 
deflections in such cases. Tests on simple bars having same period of vibration as 
building to be investigated would aid in solving problem.— D. F. J. 

Dams 


Dam structures. N. Keven. 1931, Walter de Gruyter and Comp., Berlin and 
Leipzig, Germany. Reviewed in Bauingenieur (Germany), Dee. 25, 1931, V. 12, 
No. 52, p. 910.—Types of dams described include gravity dams, arch dams, multiple 
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are +h dams ete. 9 with illustr: ations of m: iny rece ently sugge sted peculis ur dam designs. 
Special consideration was given to Amburse n type and multiple ie type, with 
static calculation and fundamental principles in arch design.—A. E. 


Wyman dam and hydro-electric power plant at Bingham, Taine H. kK 
FarrBANKS. J. Boston Soc. C. E., Dee., 1931, V. 18, No. 10, p. 355-72.—This 
power dam located on Kennebec R. has non-overflow section about 2 ,400 ft. long of 
earth with concrete core wall. Depth of ledge at points necessits ited the use of 
pneumatic caissons in building core wall. Retaining wall that terminates earth 
section at spillway is 975 ft. long and 165 ft. high and is battered 3 on 10 on both 
faces. Construction joints in the wall and in spillway section were water-stopped 
by 2 lines of holes in each wall face at each vertical joint. The outside line, 4 ft. 
from face of wall, was filled with hot asphalt, second line, located 2 ft. further in, was 
left open and connected to drainage tunnel. Additional wate r-stops filled with 
Genasco and 2 x 6 in. in cross section were also formed at points 18 and 36 in. from 
wall face along all vertical joints. Horizontal joints contain a steel plate 14x10 in. 
set in top of each pour 5 in. deep and connected to cross drain formed of open joint 
tile packed in washed gravel. Seepage has been less than 21% cu. ft. per sec. Concrete 
log sluice has special design to reduce use of water. Concrete mixed in central plants 
was hauled to dam in bottom dump buckets on flat cars. Aggregates were washed, 
and were obtained from deposit close to site. Approximately 26,000 cu. yd. of con- 
crete were used.—M. N. C 

Sanitation of the Great River City Santa Maria. GvILLERMO PERELEs. 
Magazine Tecnico (Buenos Aires), Aug., 1931, V. 3, No. 27, p. 1-9.—New system 
provides for a dam and a regulatory reservoir on Rsk Ibicuhy R. Dam has ample 
spillway and water is drained from it through a circular chamber or well with valves 
at different levels. Water passes through line supported on concrete piers across 
valleys and other depressions. Sediment pool, rapid filters and storage reservoirs 
are r. ¢. structures. Sewage is brought to 2 r. c. basins and thence to purification 
plant. Basis of computations of sizes of various units is given. All structures are 
r. c. All concrete in contact with sewage or effluent is plastered with 1:2 cement 
plaster. Regulatory dam for water supply is Ambursen r. ¢c. type. Originally 
designed as a gravity section, it was changed because of economy and rapidity of 
construction possible with reinforced type. Deck is sloped at 45 deg. and made 
continuous. Expansion joints are filled with asphalt between paper down to a 
sheet of copper set in the concrete. The deck slab is coated with Inertol. Details 
of stress computations for normal, shear and principal values are given.—C. G. AND 


M. N.C. 
MISCELLANEOUS 


New chart locates U-stirrups in reinforced concrete beams. K. Kawat. 
Concrete, Jan., 1932, V. 40, No. 1, p. 24-5. The author has revised the chart by T. 
Germundsson (ef. Concrete, May, 1931) to make it applicable to design under the 
building code of Japan and for use in the metric system of units.—N. H. R 

intensity of pressure under footings. Arrnur C. Vivian. Concrete, Jan. 
1932, V. 40, No. 1, p. 14.--Comparison of results obtained by use of Prof. Griffith’s 
method (cf. Short Cuts in Structural Design, Concrete, April, 1931) and method 
outlined by author shows good agreement. Author’s method requires no chart for 
obtaining a multiplying factor. Reference is made to ““A Theory of Earth Pressures,” 
Selected Engineering Paper No. 58, 1928, Institution of Civil Engineers, England, by 
the author, and An Extension of the Middle Third Theory” (cf. Engineering, Dee 
5, 1924).—N. H. R. 

Simplified analysis of polygonal space frames symmetrically loaded. H. 
CraEMeEr. Beton u. Eisen (Germany), Nov. 5, 1931, V. 30, Heft 21, p. 377-81. 

A consideration on deve lopme nt of formul: is for polygonal space frames of one story 
height under uniform vertical loads, horizontal loads and torsion: for both free and 
restrained ends.— A. A. B. 


Calculation of reinforced concrete frames. OxkKkER. Polyt. Weekblad (Hol- 
ls and). 1931, No. 48, 4 p.-New method for calculation of frames and - ime structures 
is developed and its application explained with several examples. . E. B. 

Nomogram for designing reinforced concrete rea seo by means of 
bending monents. Jorage QuisANo. Ingenieria (Mexico,) June, 1391, V. 5, No 
No. 6, p. 222-223. Alignment or nomographie chart for solving equation (p yr 
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14.594? = 28.06A .? where p is unit footing pressure, S is weight of concrete of footing 
per unit of footing area, / is length of overhang of footing, d is depth to steel and A, is 
area of steel; all in metric units. Left hand line or scale gives values of /, middle line 
dand A, and right hand line gives values of p — S. Explanation of use and ex xamples 
given. C. G. C. anp M. N. C. 


Statics of structures. Paut ABELEs. Oesterreichische Bauze itung Verlag, 
Vienna, Austria, 72 p. Reviewed in Zeitschr. Oc str. Ing. und Archit. Vereins (: Austria), 
Dec. 25, 1931, V. 83, No. 51-52, p. 378.—Book gives a collection of important useful 
formulae and ‘tables of statics, arranged in practical order with special reference to 
more difficult problems. Austrian standard specifications are included.—A. E. B. 


Shipyards and dry docks for repair work. Magazine Tecnico (Buenos Aires), 
July, 1931, V. 3, No. 20, p. 7-8.—Movable shipyard or dry dock of wood and steel, 
300 ft. long and 30 ft. wide, in port of St. Nichols, Isle of Aurba, moves into water 
on incline with land foundations of concrete.—C. G. C. anp M. N. 


Reinforced concrete track supports for coal bridge. W. Ku HNT. Beton u. 
Eisen (Germany), Dec. 20, 1931, V. 30, Heft 24, p. 425-7.—Coal loading bridge on 
Teltow Canal, for transporting piled coal to barges, has end of 115-ft. traveling span 
above sloping bank of canal. Track for this bridge end is supported by 10 rigid r. c. 
A-frames, spaced at about 30 ft., having a height of 32 ft. above and depth of 10 ft. 
below ground, with top width of 3 ft. and bottom width of 15 ft. Track at other 
bridge end is laid on a ; a concrete footing of triangular section, 6.5 ft. wide 
and 4.5 ft. deep.—A. 


Materials and structures. E. H. Satmon. 1931, Longmans, Green and Co., 
V. 1, The elasticity and strength of materials. Reviewed in Bauingenieur (Germany), 
Dec. 18, 1931, V. 12, No. 51, p. 907.—Discussion of entire field of statics in engineer- 
ing construction, deals especially with modern methods of testing structural ma- 
terials.—A. E. B. 


Coking tower in Bottrop. R. Meyernorer. Beton u Eisen (Germany), Dec. 
20, 1931, V. 30, Heft 24, p. 422-5.—This unit of Rheinische Stahlwerke presents latest 
German practice and is probably the largest coking unit in that country. It has a 
capacity of 11,000 tons. The size of the structure is, roughly, 62 x 175 ft. in plan, 
168 ft. high. Details of spread footings and of the bunkers are shown.—A. A. B. 


General nomogram for reinforced concrete sections. O. Vicror SJ6pDIN. 
Teknisk Tidskrift (Sweden), Nov. 28, 1931, p. 143-149.—Neutral axis in a section is 
determined by equation of third power, if bending and compression occur simul- 
taneously. T ‘his general case is simplified when only bending or compression occurs. 
Nomogram gives a solution of x in third power equation for position of neutral axis 
by using line coordinates instead of point coordinates. A line in one system corres- 
ponds to a point in the other; group of lines in one system corresponds ‘to a group of 
points in other system and a continuous group of lines corresponds to a graduated 
curve. Condition for 3 lines through one point in one system is that ey 
points in other system lie on same straight line. Chart gives values of z, also stresses 
reinforcement and most economical dimensions.—O. A. 


Approximate wind-analysis of building frames. R. Appank. Belon uw. 
Eisen (Germany), Dec. 20, 1931, V. 30, Heft 24, p. 428-31.—Wind load is considered 
to be a couple, with force equal to total wind load above story in question, and acting 
at top and bottom of that story (its arm is story height). Moments are found in 
beams and columns for this couple; columns being considered fixed at one story 
above and below that under analysis; by adding moments found for each story, 


, 
4 


actual moments due to total wind load are obtained. Using term a and fact that 


angle of rotation of a joint is same for all members framing into it, an expression is 
derived, whereby, through trial, points of inflection of columns may be found. Por- 
tion of horizontal shear at each story resisted by each column is now determined. 
With column moment thus known, resisting moment of membe rs framing into 
adjacent joint, must equal it; each member furnishing a moment in proportion to 
its I value.—A. A. B. 


1 


Stresses in deep beams and the reinforcing of walls acting as beams. H. 
Bay. Konrad Witwer, Stuttgart, 1931, reviewed in Beton u. Eisen (Germany), Nov. 
5, 1931, V. 30, Heft 21.—Stress conditions were studied an: ilytically and by polarized 
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light method. Only height of wall equal to span can be considered to act as beam; if 
wall is deeper than span length, excess depth serves only to transfer loads vertically 
but gives no assistance in flexure. C oncentrated loads ac ting on very deep walls act 
as distributed loads on portion effective in bending. Te nsion zone was observed at 
mid-span, equal to 1/6 height. Over supports compressive stresses exceeding those 
found on Navier’s hypothesis were found and tension zone included greater part 
of beam depth. These abnormal conditions exist only for beams having a span to 
depth ratio of 4 and higher.—A. A. B. 


Retaining walls and quays supported by anchor plates. F. Santos ReErs. 
Cone. Ciment Armé (France), Dec., 1931, No. 147.—Paper translated into French 
by M. Albert Merciot, is aaa of study in Brazil, when author was in charge of 
construction of port of Nictheroy. It is applic ation of theory of elasticity to retaining 
walls supported by anchor plates, use of which has become very freque nt in recent 
years due to ease of execution and moderation of expense. No theoretical study had 
ever been made of this type of construction to author’s knowledge. Numerous 
references are cited and general formulae discussed.—M. A. C 


Ruling of the French committee on reinforced concrete coonerueeee. 
H. CamiInapE. Génie Civil (France), Nov. 28, 1931. No. 22.—While Germany, 
Switzerland and Belgium, have ei" new r. ¢. specifications, France refers to Minis- 
terial Circular of 1906. French Committee of Reinforced Concrete Construction 
has issued official ruling drawn up by technical committee of 19 members. Six 
chapters are: preliminary data (basis of computations and limit loads; design and 
erection diagrams; materials; strength computations; construction; tests. Computa- 
tion of r. c. slab supported on 4 sides cannot be worked out exactly as for same slab 
of steel or wood. Foreign specifications are reviewed in detail.—M. A. C. 


Reinforced concrete and its hypotheses. M. F. Dumas. Ann. ponts chauss 
(France), Sept.-Oct., 1931, V. 5, p. ae Tests were made to compare actual 
de formations (¢ speci ally deflections) in r. c. beam with those computed by customary 
methods; to determine residual and pe veneinent deformations upon removal of the 
load; to study behavior of r. ec. beams subjected to forces ac ting in one direction, but 
of diffe rent intensity, and forces of different intensity acting in opposite directions; to 
determine behavior of a specimen subjected to successively repeated leading in one 
or opposite directions. Beams of constant cross-section 16.4 ft. long, were made of 
ordinary concrete—880 lb. of portland cement, 0.52 cu. yd. Aisne sand, 1.04 cu. yd. 
Aisne gravel—and were reinforced in some specime ns by four tensile and three com- 
pression rods of different cross-section ; in others by identical top and bottom rein- 
forcement, with hoops spaced at 7.87 in. Supports were 13.123 ft. apart; successive 
loads were 440 to 5600 lb. Deformation of the upper and lower fibers was deter- 
mined by Manet-Rabut apparatus on beam at quarter and center points. Assump- 
tions that Hooke’s law and Navier’s hy potheses have been verified; that concrete 
in tension behaves identically with concrete in compression are not borne out by 
actual results and lead to errors of varying importance. Results: (1) Flexure dia- 
grams, as well as the readings of Manet-Rabut apparatus, show that even for small 
loads deformations increase with time for given load. (2) Deformations of beam are 
still exceedingly small at time of rupture. Sudden cracking of concrete in tension 
occurs in beam when elastic limit of tensile reinforcement is reached. (3) Deforma- 
tions (deflection, elongation, compression) are not proportional to forces by which 
they are caused. Conclusions: (a) Hooke’s law does not apply to r. c. members. (b) 
R. c. members cannot be designed by customary method of influence lines. (c) 
Theorems of Maxwell, Castigliano cannot be applied to design of r. c., nor can any 
parts of theory evolved from the above.—M. A. C. 


Roaps AND PAVEMENTS 


Rock products investigations conducted by the Bureau of Public Roads, 
in 1931. F. H. Jackson. Rock Products, Jan. 9, 1932, V. 35, No. 2, p. 30-1.- 
Bureau is continuing its investigation on the A. 8S. T. M. tentative mortar strength 
test method and Los Angeles rattler test for coarse aggregates. As outgrowth of 1931 
paving studies, Bureau will investigate (1) Effect on strength and othe ‘r properties of 
paving concrete of use of finishing machine with electric vibrators. (2) Effect of manip- 
ulating finishing according to Johnson method. (3) Effect on workability and strength 
of paving concrete of replacing part of the portland cement by hydraulic lime.- 

S 


4. 
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WATERWORKS 


Purification plant for drinkable water. Micuet Jinicn. Jngenieria (Mexico) 
June, 1931, V. 5, No. 6, p. 195-198 and 226.—Continuation of previous article gives 
detailed design of purification plant. Chnstrustion i is r. c. and actual computation of 
dimensions and steel of purification tank and filters are shown, also details of compu- 
tations for filter capacity and pipe sizes.—C. G. C. anp M. N. 

ARCHITECTURAL DESIGN 

New structures in Berlin. H.JoHannes. Deutsche Kunstverl: a8 Berlin, 1931. 
Reviewed in Beton u. Eisen (Germany), Dec. 5, 1931, V. 30, Heft 2 A review of 
outstanding structures erected since 1919, includes commercial dy a buildings, 
- artment buildings and suburb colonies, industrial and transportation structures. 
Illustrations and in some cases, sketches and ~— present this summary of Berlin’s 
portion of the new style of architecture.—A. A. 

Enlargement of the high school seeineicte for girls in Vienna-Hietzing, 
Austria. Frieprich Mayreper. Zeitschr. Oestr. Ing. und Archit. Vereins (Austria), 
Jan. 15, 1932, V. 84, No. 1-2, p. 1-2.—Reinforced concrete structure is very interesting 
from standpoint of architect. oT mee of r. ec. and glass were successfully 
applied. Detailed description gives arrangement of rooms.—<A. E. B. 

Home for students in Bruenn, Czecho-Slovakia. Bonus.tav Fucus. Zen- 
trabl. der Bauverwaltung (Germany), Dec. 30, 1931, V. 51, No. 55, p. 797-9.—Entire 
building is made of reinforced concrete with outer walls bensletek ‘with Heraklith 
slabs; floors are terrazzo. Building is in 2 separate parts connected by staircase 
structure. Architectural design is characterized and illustrated..—A. E. B. 

Bridges of the Rhine: Roman, Medieval —_ Modern. Kart MorenrinGcer. 
1931, Johann Moehringer, Messkirch i Baden, Germany. Reviewed in Bauingenieur 
(Germany), Dec. 25, 1931, V. 12, No. 52, p. 910.—This work gives a detailed descrip- 
tion of all old and new Rhine bridges, fee AF wt their architectural design and 
their technical importance. Second part considers especially very latest bridge such 
as bridge between Koeln and Muehlheim.—A. E. B 

Concrete-arch Memorial bridge at Aurora, Ill. Eng. News Record, Jan. 21, 
1932, V. 108, No. 3, p. 89-91.—Architectural and sculptural treatment of concrete- 
- arch bridge for war memori: al, was attempted in Fox River bridge, Aurora, LIl., opened 
on Nov. 11, 1931. A re inforced-concrete structure, with nine oper n-spandrel spans 
66 ft. c. to c. of piers, is flanked either end by concrete-cased steel-girder span, and 
short approach fill between retaining walls. Arch thrust is taken by abutment. piers 
in river, outside shore line, made distinctive by heavy pylons, carried above bridge 
deck. Design i is for H-20 loading under spec ifications of Am. Assn. of State Highway 
Officials, with a further provision for future double-track electric railway ec: | en 
40-ton cars. Sidewalks are designed for uniform load of 125 Ib. per sq. ft.--D. FE. 


FTrELD CONSTRUCTION 

BRIDGES 

New bridge of reinforced concrete on the Astico near Breganze. GRazio.Li 
Avureio. Le Strade (Italy), Aug., 1931, V. 13, No. 8, p. 261-263.—Old bridge over 
Astico R. was completely demolished by flood and new bridge constructed, con- 
sisting of 3 spans of through type or bow string parabolic arches. Piers were of 
masonry on pile foundations. Each span of arch was 117 “4 and width of roadw: Ly 
20 ft. Hangers for floor system are spaced approx. 13 ft. 0. c. Sidewalks are pro- 
vided on each side of road. Bridge was designed to carry 23-ton street roller and 2 
heavy street buses with 25% allowance for impact.—C. G. C. ann M. N. C. 

Bridge at Asele, Sweden. G. von Zweicreran. Beton u. Hisen (Germany), 
Nov. 20, 1931, V. 30, Heft 22.—Bridge over Angermanaelo R. at Asele consists of 3 
disconnected steel tied-arch spans on concrete piers. Construction was carried on 
in building river pier during winter of 1930-31, an open wooden caisson was built 
on ice, which was then sawed to permit the sinking of the caisson. Concrete was 
soured on rock 30 ft. below ice. Temperature during concreting of bridge was as 
awe as —13° F. with maximum of 50° [ Precautions against freezing consisted of 


heating materials, stored in a heated shack, and of building air insulating shells of 
wood pulp boards around piers. A difference of 36° F. between outside air and shack 
temperature was maintained. Lower pier sections, between rock base and water, 
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consisted of mix having 500 lb. of cement per cu. yd. concrete; the upper sections (in 
contact with water and above water) of 300 lb.—A. A. B. 

Double piers for expansion in rigid-frame bridge. F.C. Harr. Eng. News 
Record, Feb. 11, 1932, V. 108, No. 6, p. 207.—A 410-ft., r. ¢. bridge erected by 
Arkansas state highway department over Crooked Creek at Harrison, Ark. uses 
double piers to take care of temperature expansion. Bridge is divided into four 2- or 
3-span units with double piers at end of each unit. These piers | ft. apart at bottom 
and 1 in. apart at top, so they can move independently, are finished to give appear- 
ance of a single pier.—-G. M. 

Tunkhannock viaduct—Report on 17 years’ service. M. HirscuTuau. Eng. 
News Record, Jan. 14, 1932, V. 108, No. 2, p. 57-9.—Tunkhannock viaduct of Lacka- 
wanna R. R. consists of 10 semicircular 180-ft. spans constructed in two 14- it. ribs 
surmounted by open-spandrel construction carrying solid concrete deck for 2 bal- 
lasted tracks. Spans are flanked by 100-ft. semicircular abutment span at either end 
completely buried in stone fill of approach embankments. Total length of concrete 
structure is 2.375 ft., max. height of top of parapet is 240 ft. All piers, and abut- 
ments of end spans are founded on rock. Recent inspection showed that in general 
structures’ concrete is in perfect condition. Defect cracks in parapets at refuge bays 
over each pier, are due to sudden change of section and square corners and to ins ide- 
quate provision for expansion of the parapet between piers. Excellent condition 
of structure is attributed largely to proper waterproofing, correct drainage system, 
and well designed expansion joints. A 1:2:4 mix was used for floor system of abut- 
ment spans, and 1:3:5 mix for remainder of structure (with de rrick stone in piers 
below s wringing line to form cyclopean concrete). Coarse aggregate was sound, 
broken limestone; sand was Hodgson sand; standard brand of portland cement was 
used. Ingredients—together with water at what would now be termed a low w/c 
ratio—were thoroughly mixed. Concrete was well worked by rodding and tamping. 
and properly cured at all seasons.—D. E 

Repairing the arches of a reinforced concrete bridge by the injection 
method. M. Lazarp. Annales Ponts Chaussées (France), May-June, 1931, V. 1, 
No. 3.—New bridge de la Madeleine over the Loire at Nantes consists of a central 
arch of 219.8 ft. and two smaller arches of 147.6 ft. span. In stripping forms it was 
found that, due to very heavy reinforcement and its intricate placing, concrete had 
not penetri ited to bottom of are *h, °y aving large cavities above exposed reinforcement 
over distance of 82 ft. in each of 3 arches. Injection method of repair believed to 
have been used for first time, pone Saco in forcing neat cement paste through small 
tubes 734 in. long to fill cavity. Procedure was: (1) Rich mortar coating was applied 
to the re ‘inforce ‘ment. (2) Injection tubes were inserted into coating at intervals of 
about 2 ft. 3 in., connected by longitudinal passages left in the coating by eres used 
rubber tubes, removed before hardening of mortar. (3) Neat cement paste, 158 gal. 
of water per ton portland cement was forced through tubes, allowing all entrs ved air 
to escape through adjoining tube. Entire central portion of arch was left hallow 
during application of surface coating; injection tubes communicated with each other 
and with all cavities existing in ve ; injection at 11 lb. pressure forced paste to fill 
all cavities and paste appeared at surface of old conc rete; the entrapped air was 
allowed to escape before pressure was applied; cement paste selected was best suited 
to cement gun used in series of experiments. Test load of sand weighing 11,350 lb. 
per lin. ft. ere bridge able to resist loads several times greater than those of actual 
service.—M. A. C. 


BUILDINGS 


Experiences with construction control. H. Canrz. 1930, Wilhelm Ernst 
and Son, Berlin, Germany, 71 p. Reviewed in Zeitschr. Oester. Ing. und Archit. Vereins 
(Austria), Nov. 27, 1931, V. 83, No. 47-48, p. 353.—Thesis analyzes various phases 
scientific construction control on large storage house in Stettin, Germany. Studies 
of effect upon compressive strength of concrete of loam up to 12% in aggregates 
showed amounts up to 4% were harmful. Method is presented for determination of 
necessary w/c ratio for a certain type of aggregates and a certain cement content in 
concrete. Formula is derived for estimating 28-day concrete strength as a function of 
cement strength, w/c ratio and grading of aggregates.—A. E. B 

Steel-frame houses with poured light-weight concrete walls. Eng. News 
Record, Jan. 21, 1932, V. 108, No. 3, p. 87.—Erection of a 2-story 26 x 32 ft. building 
at North Arlington, N. J., plant of Porete Manufacturing Co., in which unusually 
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light steel frame is inclosed in pee light-weight concrete, is new in steel-frame 
house construction. Twelve wall columns were used, 4 corner columns being 4x4x4- 
in. angles, 6 intermediate columns consisting of two 214x214x \-in. angles, and two 
4-in. H-columns in center of building. With steel members 4 in. and less, 1-in. pro- 
tection on each side determined 6-in. wall thickness. Similar conditions fixed thick- 
ness of floor and roof at 6 in. Wood forms sections were raised 4 times in pouring 
walls, including parapet. In manufacture of light-weight concrete used for walls, 
floors and roof portland cement and sand mixed 1:1 are beaten up in special mixer, 
with about 2 lb. of foam compound per cu. yd. Air is beaten into concrete to produce 
mixture with sand and cement held in suspension by small air bubbles.—D. E. L. 


Fireproofing steel-framed —~ with cinder concrete. J. ArTHUR 
Garrop. Concrete, Feb. 1932, V. 40, No. 2, p. 13.—Cost of fireproofing with concrete 
in New York City ranges from 22 to 30¢ per sq. ft. Various methods used in fire- 
procing are generalized, concrete mixed in basement being conveyed to forms by 

oisting equipment and wheelbarrows. The fireproofer’s hoist is located near center 
of gravity of concrete distribution, a series of slabs being omitted until fireproofing 
is nearing completion. Fireproofer’s contract includes wire caging to pie ‘rs and 
beams, and to columns to be covered.—C. B. 


Dams 


A water power station for the Philippine Islands in Manila. Zentralbl. der 
Bauverwaltung (Germany), Dec. 23, 1931, V. 51, No. 53-54, p. 792.—Concrete gravity 
dam in bed of Botacan river is 108 ft. high, 230 ft. long and 67.3 ft. wide at its base. 
Continuous rainfall made construction extremely difficult. = veep materials were 
transported by trucks. Details of construction period are given.—A. E. B. 


First major low-head power plant in the West—Rock Island. W. D. 
SHANNON. i News Record, Feb. 18, 1932, V. 108, No. 7, p. 240-4.—Rock Island 
Dam on Columbia River about 13 miles below city of W enatchee, Wash. has maxi- 
mum head of 51 ft. making it unique among Western hydro-electric developments. 
Concreting o rations were carried on under severe winter conditions to take adv an- 
tage of low flow in stream. Concrete varying from 1:2:4 to 1:3:5, was mixed in 
plant equipped with four veg mixers, using aggregate trucked from plant 2 miles 
from site. After mixing, the concrete was trucked to point of pour and chuted 
directly or from hoisting tower, 150,000 cu. yd. being placed.—G. 


Precise concrete control at Koon dam. Eng. News Record, Dec. 31, 1931, V. 
107, No. 27, 1024-7.— Batching and mixing plant on construction of Thomas W. 
Koon dam, Seenaslend, Md., is semi-automatic. Weight of each ingredient in 
every batch, and time schedule of all operations, charging to discharging, are auto- 
matically recorded ona chart. Dam is concrete gravity type, 92 ft. max. height, and 
726 ft. long. Main mass of concrete is designed for 2500 p.s.1. using coarse aggregate 
3% to 6% in. The 2-yd. mixer was designed for desired proportions. Weights are 
plotted against time by a graphic continuous strip recorder. One man operates 
apparatus. Setting a poise at proper position on scale beam automatic: - sets 
indicator on dial. When correct weight of material has been dumped into batcher 
bin, a photo-electric cell on dial stops conveyor belt. Another poise is set for next 
Seqvedlent and procedure repeated. Equipment was developed in conjunction with 
aggregates division of Toledo Scale Co. Materials are dumped into mixer and 
weight recorder works independently. From mixer, concrete is dumped into 2-yd., 
straight-side, bottom-dump buckets, hauled on cars to proper a; ation by steam 
hoist, and placed by cranes. Electric vibrator tamps each batch.—G. M. 
MISCELLANEOUS 

oe made on large engineering projects. Eng. News Record, Feb. 4, 
1932, V. 108, No. 5, p. 182-192.—Brief reports on progress of large engineering projects 
in North America. —G. M. 

A simple hand mixer for mortar and concrete. Fritz MEeELusser. Zeil- 
schr. Oester. Ing. und Archit. Vereins (Austria), Jan. 29, 1932, V. 84, No. 3-4, p. 16-7. 
—New type of mixer which mixes effectively as much material as 4 men can mix by 
hand, can be used for mortar, concrete, lime, stone powder, road materials ete. 
Operation is explained.—A. E. B 

The construction of superstructures. Orro Frick Anp Kari KNOELL. 
1930, B. G. Teubner, Leipzig and Berlin, Germany, 227 p., enlarged and revised 
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edition. Reviewed in Zeitschr. Oester. Ing. und Archit. Vereins (Austria), Jan. 15, 
1932, V. 84, No. 1-2, p. 9.—Fundament: a aceahnndian principles and construction 
details of superstructures are explained with numerous drawings and examples. 
Much consideration is given to modern requirements: heat economy, economic con- 
struction methods, standardizations etc. One chapter deals with re inforced concrete. 
—A. E 

big grouting at Cobbie Mountain. Harry H. Hatcu. Eng. News Record, 
Dec. 31, 1931, V. 107, No. 27, p. 1037-1039.—Procedure, results, and costs of well- 
eee grouting systems on two tunnels of Springfield, Mass. water supply and 
iydro-electrie project are recorded. Diversion tunnel is 1600 ft. long and 11 ft. 6 in. 
high, and pressure tunnel 7100 ft. long and 9 ft. 4 in. inside of lining. Both are horse- 
shoe sections. On the diversion tunnel three types of procedure were used: (1) to 
fill voids at crown, single line of holes 10-20 ft. apart were drilled and filled; (2) to 
fill voids back of concrete at haunches, a row of holes on each side 30 deg. radially 
above springing; (3) to fill seams and cracks in the rock, 8 equally spaced holes around 
the — at 10-ft. intervals. Grout holes were 2 in. in diameter, and air pressure 
100 p.s Average mix was 1:1, and average cost $6.64 per lin. ft. In pressure 
tunnel, pou holes were in the crown only, at 20-ft. intervals. Maximum pressure 
was 150 p.s.i., and neat cement grout used was cheaper and more satisfactory than 
sand mixes. Average cost, $1.75 per lin. ft.—G. M 

The new port of Bengasi, Lybia. S. V. Faco. Genie Civil, Dec. 26, 1931.— 
Natural rock and concrete blocks weighing 16 tons were used in retaining walls at 
Bengasi. Blocks were made on job, materials being transported by overhead con- 
veyor. Concrete mixer produced 32.5 cu. yd. of concrete per hr., proportioned 1.3 
cu. yd. gravel, 0.65 cu. yd. sand, 660 lb. of cement and 165 lb. pozzolan. Mixer was 
discharged into travelling hopper, in turn, into distributing hoppers leading directly 
to rigid steel forms. Block faces were finished by compressed air tools. Forms 
remained in place 3 days and minimum time between pouring concrete and using 
blocks was 15 days. During March to November, blocks were — at least 
twice daily for first week. Large crane transported ‘monoliths. -M. 


Further i a about concrete and concreting methods. Sli Feb., 
1932, V. 40, No. 2, p. 7-9.—A review of tentative standards, investigations and 
articles in the technic: = press contributing to knowledge of control of concrete quality. 
High-frequency vibration is now more widely applied to all classes to concrete con- 
struction including thin walls or partitions, columns, and other similar locations, also 
in coating pipe lines with thin, protective shells of r. c. In ready-mixed concrete 
industry trend is toward installation of automatic or easily controlled equipment. 
Other advancements include new equipment for handling cement in bulk, propor- 
tioning devices, belt conveyors for concrete distribution.—C. B. 

{0ADS AND PAVEMENTS 

A new process for effective repairing and closing of cracks in concrete slabs. 
F. A. Finger. Strassenbau (Germany), 1931, No. 33, p. 476-7.—Principle of new 
method is a certain procedure - os and tamping of concrete filler into cracks 
in concrete road slabs.— A. E. 

After treatment of oe pavements. A. Humme.. Betonstrasse (Ger- 
many), Feb. 1, 1932, V. 7, No. 2, p. 19-22.—Processes for keeping concrete pave- 
ments wet during early owing of use of new insulating material, a heavy, 
specially prepared paper with which laboratory and field experiments were made. 
Ev: iporation of water was successfully prevented. Effect upon compressive strength 
of concrete was studied.—A. E. B. 


Concrete roads in Denmark. Betonstrasse (Ge rmany), Feb. 1, 1932, V. 7, No. 
p. 23-5.—Review gives detailed description of: type of slab, concrete mixture, 
reinforcing, dimensions of slab, arrangement of expansion joints, costs of construc- 
tion and maintenance. Experience during several years of service shows advantages of 
concrete for road construction.—A. E. B. 


Concrete paving practice on a gt — program. H. B. Henperuite. Eng. 
News Record, Jan. 7, 1932, V. 108, No. 27-8.—Louisiana holds 1931 record for 
mileage of concrete road wikaoniaie "vith average cost including incident: * 
$26,000 per mile. Minimum core strength of pavement was 5500, average 7400 p. s 
Aggre gate was proportioned by gravimetric process exclusive ly. Coarse aedaaaie 
is under | in. except one stone de posit which furnishes up to 2) in. aggregate. From 
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laboratory tests on all possible combinations and gradations of ager egates, pro- 
portioning charts were prepared, from which specifications were drawn. Special care 
is given to producing a smooth finish. Finishing machine is followed by float drawn 
across in arc of circle, followed by transverse float, after which pavement is st raight 
edged and belted. Finally , an edging tool and a finishing brush are ng Various 
curing methods are permitted. No expansion joints aré provided.—G. M. 

Repairs of concrete road in Rodaun and Liesing, age po PREs- 
LicKA. Zeitschr. Oestr. Ing. und Archit. Vereins (Austria), Jan. 29, 1932, V. 84, No. 
3-4, p. 15-6.—Top layer of old concrete slab in very bad condition was removed and 
replaced with new slab after repairing bottom layer of basalt concrete. Aggregates 
for new concrete were composed of 5 different gradings of high quality screened stone 
(basalt, quartz and quartzite). High early strength portland cement was used ex- 
clusively. roar Noe mM strength and abrasion tests were conducted at Institute for 
Testing Materials of Technical University in Vienna, Austria. New expansion joints 
were “eargee corresponding to old joints in bottom slab. Old road had no longitudinal 
joint but new slab was provided with such a joint. One section of road with heaviest 
traffic was provided with new special expanded metal reinforcing.—A. E. B 


The concrete pavement of Le Nag Street in Mainz-Kastel, Germany. 
Matzen. Betonstrasse (Germany), Feb. 1932, V. 7, No. 2, p. 15-9.—Sub-soil of 
heavily traveled road was very ni Bae Pavement of 2-layer type is 33 ft. wide 
and 6.3 to 9.5 in. thick. Top layer is uniformly 2 in. thick and provided with spot- 
welded wire mesh of 3%-in. wire. Uneveness in subgrade was leveled with 1:10 con- 
crete mix after side forms had been set up. Compressed air hammers compacted 
subgrade. Bottom layer was 1:7 concrete mix with wire mesh placed on soft top of 
bottom slab. Transverse joints were spaced at 33 and 40 ft.—A. E. B 


Arrangement of Milan City trunk of Provincial street, Vigevanese. Enik 
Sirva. Le Strade (Italy), Aug., 1931, V. 13, No. 8, p. 253-261.—Road was opened in 
1930 after completion of reconstruction that required about 18 months. Proximity 
of Grand Canal restricted width and the necessity for enlarging bridges and main- 
taining traffic increased cost. Construction was in 4 sections ranging from 34 ft. 
in width. In some sections one or two lines of tracks for interurban cars had to be 
taken care of in this width. First work was erection of wall along canal. Wall in 
part of section has sidewalk slab cantilevered over canal. Work had to proceed at 
night to allow operation of electric trains during day. Materials were delivered by 
electric train from local pits in small quantities to points where needed. Public 
service lines were next relaid and then street railway rails. A concrete pavement 
foundation was laid with asphalt top except in track section. A steel plate set in 
concrete formed — at junction of asphalt and granite block in track section-.- 
C. G. C. anp M. N. C. 

Experiments with cemented macadam. ALBERTO poLit. Le Strade (Italy), 
Sept., 1931, V. 13, No. 9, p. 274-9.—Five experimental sections of pavement were 
built with surfacing 4-5-in. thick, using varying amounts of slow setting cement, 
from 21 to 31 lb. per sq. yd., limestone gravel graded from 3 in. down and coarse 
silica sand, and curing periods of 4 to 7 days. Equipment was 16-ton steam roller, 
scarifier, tandem 10-ton gasoline roller and watering wagon. Construction method 
included placing gravel, then layer of mixed sand and cement dry then rolling and 
adding water at same time. Sub-grade was prepared with same slope as finished 
surface. Gravel was placed and rolled working from edge to the center. Average 
quantity of water required is 200 gal. per cu. yd. of sand. After about 70 passages of 
10-ton roller, completed road is covered with 1% in. of sand and kept wet for 7 days 
before opening to traffic. Cost of cemented macadam road is about $1.68 per sq. 
yd. compared to mortar bound macadam at $1.07.—C. G. C. anp M. N. C. 


SHorp MANUFACTURE 


Lay foundations for wider market for concrete products. Concrele, Feb., 
1932, V. 40, No. 2, p. 9-11.—Important specifications adopted or in preparation 
during the year include hollow concrete masonry units, cast stone, concrete burial 
vaults, and terrazzo floor. Improvements in manufacturing processes include wider 
use. of high-frequency vibration, especially in manufacture of cast stone, improved 
curing methods, increasing use of color, and better control of concrete quality.— 
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MATERIALS 
ADMIXTURES 


Arsenic trioxide as a preservative for cement. DoNOvAN WERNER AND STIG 
Griertz-HEepstRoEM. Tonindustrie Ztg. (Germany), Jan. 7, 1932, V. 56, No. 3, p. 
35.—In final statement about suitability of 5 orp el of arsenic trioxide for im- 
proving physical properties of cement, effect of this admixture which reduces water 
solubility of cement is ——— (cf. Zement (Germany), Apr. 23, July 2, 1931, 
V. 20, No. 17, 27, p. 384-8, 626-30; JournaL A. C. I. June, Oct. 1931, V. 2, 3, 
Abstracts p. 280, 29). Data obtained by Sundius, Assarson and Roos af Hjelmsaetter 
are cited. Poisonous character of admixture does not prohibit its use in certain well 
controlled cases.—A. E. B. 


Trass portland cements. A. GUTTMANN AND F. Gitte. Tonid. Zig. (Germany), 
Jan. 11, 20, 1932, V. 56, No. 4, 6, 7, p. 43-5, 75-7, 90-2.—Comprehensive investi- 
gation y ieleled data about phy sical properties of labor: atory mixtures of 2 commercial 
portland cements and trass in various proportions. Mixtures of 70 parts cement and 
30 parts trass have lower initial strength than pure cement of ay * fineness. At 
28 days their strength equals or is better than of pure cement. A 50:50 mixture 
possesses lower strength properties under all conditions than pure cement. Bond 
strength between cement and steel is reduced by additions of trass and shrinkage of 
specimens is increased. Concrete strength is considerably lower for trass-cement 
mixtures of plastic consistency. Commercial trass cements yielded similar results. 

A. E. B 
AGGREGATES 

Standardization of gradation of sand, gravel and broken materials. 
Rorurucus. Zement (Germany), March 10, 1932, V. 21, No. 10, p. 139-40.—Brief 
criticism of tentative German standard specifications (cf. Zement (Germany), Jan. 

, 1931, V. 20, No. 2, p. 37-8; Journau A. C. I., Apr. 1931, V. 2, No. 8, Abstracts 
p. 209) suggests better and more universal form.—A. E. B. 

Materials for the construction of concrete pavements. Scumipt.  Belon- 
strasse (Germany), March 1, 1932, V. 7, No. 3, p. 33-7.—Article describes results of 
experiments to improve unfavorable pl of natural sand and gravel deposits 
to make them useful for concrete aggregates. Sieve curves and compressive strengths 
of concrete are compared.—A. E. B. 

The bulking of gravel-sands by moisture and its importance for concrete 
ig OA and yield. A. Hummex. Zement (Germany), Jan. 7, 14, 1932, V. 

, No. 1, 2, p. 8-10, 21-4.—-Weight per cu. ft. of gravel-sand depends not only upon 
— ific gravity of materials, grading, particle shape, method Of determination of 
weight per cu. ft. (loose or packed), shape and volume of measuring container but 
also upon moisture contents of masses. Imports ince of this factor and its effect in 
concrete practice were studied by preparing 12 different gradings from l raw material 
and determining their weight per cu. ft. when mixed with 0 to 12% of water and 
different degre es of packing. Moisture content of 3% in material changes true 
concrete mix from 1:5 to 1:3.9 when proportioned by volume. Higher strength 
data may probably be el at site than in laboratory with dried materials. 
A. E. B. 

Research activities of the National Sand and ww Association. STan- 
TON WALKER. Rock Products, Jan. 9, 1932, V. 35, No. 1, p. 94-97. Thorough study 
of sodium sulphate soundness tests shows method offers information of assistance in 
judging ability of most aggregates to resist weathering. Results of test should be 
considered only as an indication and warning. Features offering opportunity for 
error are preparing samples and controlling temperature of solution. Factors 
affecting design of concrete mix have been found: (1) time at which tests are made, 
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(2) age at test, (3) quality of cement used as standard, and (4) proportioning of 
fine and coarse aggregate. Surface texture and strength of aggregate particle 
affect flexural strength of concrete appreciably but only slightly affect compressive 
strength.—E. 8. 

An outstanding new sand and gravel plant. A. R. Amos, Jr. Rock Products, 
Feb. 27, 1932, V. 35, No. 4, p. 17-26.—Description of plant of Curtis and Hill Sand 
and Gravel Co. built 1931, at Morrisville, Penn., producing 2 sizes of sand and 4 
of gravel.—E. 8 

Certain ya of sand and gravel industry become more distinguish- 
able. Rock Products, Jan. 9, 1932, V. 35, No. 1, p. 60-63.—Plants may be divided 
into real sand and gravel factories, temporary operations and road gravel plants, 
producing no aggregates. Fourth division is coming, strictly movable screening 
plant on wheels. Principal technical development was incre: ased use of scrubbers 
and other devices to get rid of soft rock, owing to the increased use of durability tests 
of aggregates.—E. 8S. 

Crushed stone industry shows distinct progress and trends. Rock Products, 
Jan. 9, 1932, V. 35, No. 1, p. 65-68.—Technical developments in crushed stone pro- 
duction include washing crushed stone; tendency toward larger blasts; truck trans- 
portation from quarry to crusher. Notable new plants were built in 1931.—E. 8. 

Research in the National Crushed Stone laboratory. A. T. GoLpBEcK. 
Rock Products, Jan. 9, 1932, V. 35, No. 1, p. 92-93.—Stone sand for making concrete 
differs from natural sand in shape of fragments. If quarry produces sound materials, 
crushed material down to finest grain will be sound, hence fines are not as objection- 
able in stone sand as in natural sand where fines are of clay. Stone sand made of 
good limestone crushed in gyratory crusher and sample grinder, was separated into 
fractions which were recombined to form 17 different gradings. Great variation in 
cement content was necessary because of wide range of gradation in sand. Only 
2 or 3 concretes made with stone sand could be considered not workable.—E. 8. 

France Stone Co. laboratory aids both stone and lime sales. Herrsert 
F. Krrece. Rock Products, Jan. 9, 1932, V. 35, No. 1, p. 69-70.—Much work of the 
laboratory of the France Stone Co., has been given to advising cities, counties and 
states regarding new aggregate specifications. Adoption of straight line grading, 
broken about midway has been advised, which divides aggregates equally by weight, 
making easier handling in field. Straight line grading is best grading ‘for concrete 

gate and economical because it is grading produced in crushing operation. 
Crush hing has selective action, soft material often disappearing from coarse and 
passing into fine.—E. 8S. 

Determination of sulphur present as sulphide in portland —. D. 
IRvINE Watson. Cement and Cement Manuf. (England), Feb., 1932. V. No. 2, 
p. 49-51.—The usual evolution methods fail because soluble ferric iron compounds 
oxidize a portion of sulphide during solution of cement. This difficulty is overcome 
by adding excess of stannous chloride solution to cement before liberation of H.S. 
Details of procedure and examples are given.—J. C. P 

Estimation of free lime in cement. G. A. ASHKENASI. Cement and Cement 
ype (England), Feb. 1932, V. 5, No. 2, p. 63-66.—Author reviews various methods 
of free CaO determination. Titration with ammonium acetate by method of Lerch 
and Bogue gives varying results. N/10 tartaric acid was found to be better reagent, 
giving quicker and more concordant results. A large increase in free CaO was noted 
when cement containing various amounts of gypsum was tested after ignition at 
1050° C.—J. C. P 

The reactions during the setting of mixtures of portland cement and high 
alumina cement. H. E. Scowirtre anp H. Evsner von Gronow. Tonind. Ztg. 
(Germany), Feb. 22, 1932, V. 56, No. 16, p. 222-4.—By adding high alumina to 
portland cement, strength of latter is not changed i in proportion to added amounts 
of former. Setting times of mixtures of high alumina and portland cements differ 
from those of components. Setting time, tensile and compressive strength were 
determined of mixtures varying from 0 parts portland and 100 — high alumina 
cement to 100 parts portland and 0 parts high alumina.—A. E. 

What is high quality cement? Tu. Kirene. Tonind. a (Germany), Jan. 
28, 1932, V. 56, No. 9, p. 118-20.—High quality cements are defined as having high 

early strength properties and are divided into 2 classes: (1) High early strength 
portland cement, distinguished by excellent blending of raw materials, sintering, 
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high lime content and silica content about twice as high as alumina content; (2) 
fused high alumina cement with low lime, high alumina and preferably low silica 
content, prepared by fusing mixture of bauxite and limestone. In first kind harden- 
ing is due to hydration of calcium silicates, in latter calcium aluminates hydrate. 
—A. E. B. 

The properties of high alumina cement (Ciment fondu). M. PAw.Lowsk1. 
Mines, Carrieres et Grandes Enterprises (France), May, 1931; reviewed in L’ Industrie 
Chimique (France), Dec. 1931, V. 18, No. 215, p. 884.—Setting of high alumina 
cements usually does not begin in first 2 hr. after mixing and is accompanied by 
temperature rise to 300° F. High alumina cement attains in 24 hr. same strength as 
ordinary cement reaches in 28 days, and its main application is for reinforced concrete 
members, dimensions of which may be reduced considerably, and for structures sub- 
jected to action of sulfate or other aggresive waters.—A. E. B. 


Yugoslav standard specifications for cement. Tonind. Zig. (Germany), Feb. 
8, 1932, V. 56, No. 12, p. 174-5.—Hydraulic modulus must be at least 1.7; sulphate 
content below 3 % and magnesia content below 5%. Cements are classified as 
quick, medium and slow setting. Test is given for determination of normal consis- 
tency. ee is tested with specimens stored in air, water and boiling water 
(for 3 hr.).—A. E. B. 

The ta aoe of the cement industry in Yugo-Slavia. Kari Dopr. 
Zement (Germany), Dec. 24, 1931, V. 20, No. 52, p. 1089-90.— Yugo-Slavia possesses 
enormous natural resources of cement rock of highest quality. Chemical composition 
is very favorable for use without any additional materials for portland cement 
manufacture. Cement plants are equipped with best and modern installations mostly 
rotary kilns.—A. E. B. 

The modern cement plant with automatic shaft kiln installation. G. 
Wourrke. Tonind. Zig. (Germany), Feb. 15, 1932, V. 56, No. 14, p. 197-9.—Useful 
suggestions for arrangement and installations of new modern cement plant or for 
reconstruction of obsolete plants, include transportation of raw materials, prelim- 
inary crushers of hammer ty pe, drying during grinding operation in tube mills with 
efficient air separators, raw mix blending tanks and high efficiency automatic shaft 
kiln with air tight discharge installation, great capacity and turning grate.—A. E. B. 

The high efficiency cement shaft kiln and its never improvements. 
Orto Frey. Zement (Germany), Jan. 7, 14, 1932, V. 21, No. 1, 2, p. 1-5, 15-20.— 
Recent efforts for improvement of shaft kilns were Ypbowdcvake-? upon simplifying 
feeding of raw materials, more accurate proportioning and mixing of raw mix and 
fuel, use of compressed air and decreasing wall thickness of kiln. Detailed descrip- 
tions are given of numerous shaft kilns.—A. E. B. 

Temperature measurements of a rotary kiln shell and calculations of 
heat losses. T. Yosuu. Rock Products, Feb. 27, 1932, V. 35, No. 4, p. 50-53.— 
After measuring temperatures of 159-ft. rotary kiln shell at approximately 10-ft. 
intervals, conclusion was reached that losses by radiation in modern kiln are small, 
probably about 15%, and may be lessened by painting shell with substances having 
small radiation coefficient, by insulation, by not exposing shell to weather.—E. 8. 

Drying during grinding in the cement industry. ScunirrKer. Tonind. Zig. 
(Germany), Jan. 1, 1932, V. 56, No. 1, p. 6-7.—In experiments with short tube mill, 
equipped with air separator, an absolute ly uniform product was obtained in grinding 


raw mixture with and without addition of coke and to different degrees of fineness 
and moisture.—A. E. B 


Changes in manufacture to produce high early strength cement. Tonind. 
Zeitung (Germany), March 21, 1932 V. 56, No. 24, p.333.—Brief description of necessary 
changes in installations (raw mix control and mixing, grinding, transporation, 
burning and new kilns) of obsolete cement plant Goliat in Malaga, Spain. Proper 
manufacture of high early strength cement in shaft kiln is possible when raw materials 
are carefully ground, dried materials are very well mixed, raw and finished materials 
are finely ground, and automatically controlled kilns are installed.—-A. E. 

Changes occurring within a portland cement kiln. Wituiam N. Lacy Anp 
Howarp E. Suirury. Ind. Eng. Chem., March, 1932, V. 24, No. 3, p. 332-5.— 
Samples of charge were taken through shell of a 102-ft. dry process rotary cement 
kiln at a number of points lengthwise of kiln during operation. Water, CO, free 
lime and total loss on ignition were determined. Results are shown in graphs and 


tables.—R. N. 
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Determination of the true lime value in raw mix or similar materials. 
Donatp C. Paquet. Rock Products, Feb. 13, 1932, V. 35, No. 3, p. 60.—Author 
agrees with King’s findings, that error introduced by use of fusion mixtures is large. 
Graph shows that difference may be as much as 1%. Method of lime determination 

given parallels standard A. 8. T. M. determination for limestones. Method of con- 
verting sample to clinker necessitates use of an expensive high temperature furnace. 


Raw materials for cement manufacture. C. R. PLATzMANN. Zement 
(Germany), Jan. 28, 1932, V. 21, No. 4, p. 47-9.—Paper lists raw materials used for 
manufacture of cement in Germany, England, France, Belgium, Spain, Denmark, 
Austria, United States, Canada, Mexico, Australia, South Africa, India and Japan, 
and gives data about their distribution, their approximate chemical composition and 
consumption.—A. E. B. 


Cement plant with interesting control of the raw mix. Rock Products, 
Feb. 13, 1932, V. 35, No. 3, p. 32-34.—Victorville, Calif., plant of the Southwestern 
Portland Cement Co. makes cement of limestone, shale, silica, and lime garnet, the 
latter being added because it gives easier fusibility, a higher lime content without 
free lime in clinker and greater strength. Unusual feature of control is burning of 
slurry sample in laboratory.—E. 8. 

The raw materials for high early strength portland cement. Tu. KLEene, 
Tonind. Ztg. (Germany), March 7, 1932, V. 56, No. 20, p. 275-7.—Marl and blast 
furnace slag are of greater advantage than high lime limestones for manufacture of 
high early strength portland cements since their chemical composition is nearer 
that of finished product and more accurate control of carefully proportioned raw 
mixture is possible. Silica content should be raised by addition of siliceous materials 
such as quartzit or sand. Coal ash is listed as important raw material, and effects 
of ferric oxide content and magnesia in composition are pointed out.—A. - " 


Value of fluorspar in production of cement. Pit and Quarry, Feb. 24, 1932, 
V. 23, No. 11, p. 61.—Small experiments in France indicate use of 6% Tein Mateng in 
cement will so lower point of vitrification that rotary-kiln temperature need not 
exceed 900° C., while rings will not be formed in the kilns.—A. J. H. 


Volatilization of potash from potassium aluminum silicates. S. L. Ma- 
porsky. Ind. Eng. Chem., Feb., 1932, V. 24, No. 2, p. 233-7.—Portland cement may 
be produced in extraction of K, O from potassium aluminum silicates such as the 
green sand of New Jersey, Delaware, Maryland and Texas, leucite of Wyoming, the 
shale of Georgia, and feldspar from the east and south by burning the properly propor- 
tioned mixtures of silicates, CaCO; and CaCl, in a rotary kiln. Yield of potash varies 
from 11.5 to 22.2 pounds per barrel of cement from greensand and Wyoming leucite 
respectively.—R. N. Y. 


Closed-circuit dry grinding attains fineness and large output. Concrete, C. 
pu S., March, 1932, V. 40, No. 3, p. 51-55.—Large 3-compartment compeb mill, 
rating in closed-circuit with two 16-ft. air separators at Independence, Mo., plant 
Missouri Portland Cement Co., was designed for dry grinding of raw material. 
The compeb mill, a combination ball and tube mill, is ‘de signed to reduce crushed 
raw material ranging from 1% in. to flour fineness, elimin: ating use of auxiliary grind- 
ing equipment and other features.—C. B 


The space requirements for the two cement kiln systems: high efficiency 
shaft kiln and rotary kiln. Orro Frey. Zement (Germany), Feb. 11, 1932, V. 
21, No. 6, p. 75-7.—In comparing advantages and disadvantages of rotary kiln 
and modern improved shaft kiln, considering especially their heat economy and space 
requirements, various phases of burning processes are analyzed and studied. Differ- 
ent physical and chemical properties of finished materials are pointed out.—A. E. B. 


Heat economy in the cement industry—II. Hans BussmMreyer. Cement 
and Cement Manuf. (England), Feb., 1932, V. 5, No. 2, p. 52-60.—Automatic shaft 
kiln owes its efficiency to low labor cost and low heat consumption. Heat balances 
are derived for limestone and slag mix, and for normal raw mix. In practice heat 
consumption is about 1,200,000 Keal. per 1000 kg. clinker (2,160,000 B.T.U. per 1000 
Ib.). Serious shortcoming of shaft kiln is that material in shaft cannot be seen or 
sampled until some hours after burning. Problem of rotary kiln is to reduce fuel 
consumption or utilize waste heat. Means of improving economy lie in limiting 
amount of air for combustion to smallest practicable amount, preventing leakage of 
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air at upper end of coolers and lower end of kilns, and of providing better heat 
exchange between material and gases in coolers and kilns. —J. C. P 


The rotating — her ore machine ‘‘Flux.’’ Zement (Germany), March 
17, 1982, V. 21, No. 157-8.—Brief description of new machine for wens 
and packing cement, yd Ms by F. L. Smith & Co., Copenhagen, Den.—A. 

Research on cyclone dust collectors. Louis C. Wuiton. Rock Products, Feb. 
27, 1932, V. 35, No. 4, p. 78-81.—In tests with cement, fuller’s earth, fly ash, etc. 
with gases at temperatures up to 400-500° F., with each size cycolne there was an 
optmium point where curve flattened off after which there were no important increases 
in collection at any velocity. The 2-ft. size was best for existing conditions. Efficiency 
dropped with too low as well as with too high draft losses. Collection is better with 
cold than with hot gases.—E. 8. 


Pneumatic transportation in the cement industry. P. GorBeLs. Zement 
(Germany), March 17, 1932, V. 21, No. 11, p. 151-7.—Author criticises article by 
R. Koeltzsch (ef. Zement (Germany), July 30, 1931, V. 20, No. 31, p. 714-9; JouRNAL 
A. C. L., Oct. 1931, V. 3, No. 2, Abstracts, p. 30.) and gives a more complete illustra- 
tion of pneumatic transportation processes. He classifies them in methods working 
with (1) suction principle, (2) slightly compressed air and (3) highly compressed air. 
Advantages of latter group are small dimensions of pipe system, lower power con- 
sumption and less wear. Method is applicable for fine and coarse powders.— -A. E 


Cement slurry filtration during 1931. A.W. Ropinson. Rock Products, Jan. 
9, 1932, V. 35, No. 1, p. 114.—In about 6 years, 21 cement plants have installed filters 
for 56 kilns with an annual production of 25,000,000 bbl. cement. Three plants 
installed filters in 1931. Details of outstanding results are included.—E. 8. 

Improvements resulting from closed circuit grinding. D. C. Cou son. 
Rock Products, Jan. 9, 1932, V. 35, No. 1, p. 116.—In raw grinding department, 
capacity was greatly increased by reducing mill feed to pass 1%4-in. Vibrating 
screens in closed circuit with mills allowed higher CaO content with no danger o 
unsound clinker. Mill output was increased 31.6% and power consumption was 
reduced 28%. Air separators in closed circuit with finish grind mill gave increased 
cement strength for 3, 7, 28 days, increased mill capacity, decreased power per bbl. of 
cement and reduced temperature of cement 100°.—E. 8. 


Investigation of portland cement and its constituents by means of vapor 
measurements. Part 2. F. Krauss anp W. ScuriEverR. Zement (Germany), 
Jan. 21, 1932, V. 21, No. 3, p. 31-6.—In continuance of previous work (cf. JouRNAL 
A. C. L., Feb. 1931, V. 2, No. 6, Abstracts p. 164; June 1931, V. 2, No. 10, Abstracts 
p. 281) several intermediate product s of cement manufacture were investigated and 
decomposed by various methods. Samples were taken at various points from interior 
of rotary kiln and hydrated with water. Vapor pressure curves of these samples 
were observed at various temperatures and compared thus obtaining information 
about their composition. Uncombined lime was determined by Emley’s method in 
mixtures, melts, hydrated melts and original samples. Heats of reaction during set- 
ting were dete rmined by means of thermograph. Tensile and compressive strengths 
were determined in 1:3 mortar specimens after adding 3% gypsum.—aA. E. B 


The specific heat of the portland cement clinker. H. E. Scuwietre. Ton- 
ind. Zeitung (Germany), March 14, 1932, V. 56, No. 22, p. 304-6.—To obtain a 
reliable foundation for calculation of heat balances in cement manufacture, author 
determined average specific heat of rotary kiln clinker at temperatures 570 to 2640° F. 
by means of modified mixing calorimenter. Specific heat of clinker increased from 
0.2079 to 0.2656 in range from room temperature to 2640° F.—A. E. B. 

Protection for the cement producer vs. protection for the buyer. AMAN 
Moore. Pit and Quarry, V. 23, No. 10, Feb. 10, 1932, p. 57-60.— Dissertation upon 
vagaries in federal legislation, ruinous competitive practices, and ‘‘market outlaws,”’ 
advocates new laws to permit: price agreements among competitors; pro-rating of 
tonnages based on outputs; divisions of territory to prevent cut-price dumping in 
outside areas; mergers of existing companies to reduce number of competitors.— 
A. J. H 

Cement industry not so badly off as nearly all other industries. Rock Pro- 
ducts, Jan. 9, 1932, V. 35, No. 1, p. 54.—Cement mills operated at 50% capacity in 
1931 as compared with the steel industry, at 25% capacity. Analyses of cost of 
making portland cement today show only about 40% is prime manufacture cost of 
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cement in bins. This is about 60¢ per bbl. At 50% capacity total costs are $1.20 to 
$1.50 at present time. It is becoming generally admitted that wet plants are uneco- 
nomical unless equipped with filters or very long (400 ft.) kilns. Improvements in 
individual plants in U. S. and foreign countries are outlined.—E. S. 


PROPERTIES OF CONCRETE 


Does standard testing specification indicate true strength of cement? 
Katsuzo Koyanaai. Rock Products, Feb. 3, 1932, V. 35, No. 3, p. 61.—Standard 
“earth moist” mortar test for cement is not reliable, as it does not indicate strength 
of cement in concrete. Examples are given from tests on 7 cements bought in open 
market. Bending test of prism of plastic cement mortar as is used in Switzerland is 


a) 


recommended.—E. 8. 


Experiments with concrete and aggregates. Jngeniorvidenskabelige Skr. (Den- 
mark), 1931, Series A, No. 29, 28 p.—Concrete specimens made of 2 cements and 42 
different sands were tested at Danish Government Institute for Testing Materials 
by various methods by determining compressive, tensile and flexural strength and 
water permeability. Fineness and grading of aggregates were carefully controlled. 
Effect of sand, gravel ratio was studied and differences in strength obtained with 
these various sands were analyzed. Efforts were made to predict concrete compres- 
sive strength by calculation.—A. E. B. 


The prediction of the 28-day concrete compressive strength based upon 
the preliminary tests after 3 and 7 days. A. Hummer. Zement (Germany), 
Feb. 18, 1932, V. 21, No. 7, p. 93-8.—New method based upon number of equa- 
tions to determine in advance 28-day strength of concrete by plotting compres- 
sive strength against logarithmic values of concrete age and observing angle of curve 
with horizontal line, is applicable in practice. Tables and graphs are reproduced for 
concrete made of ordinary and high early strength portland cement.— A. E. B. 


Products of hydration and hydrolysis of portland cement. R. J. Couony. 
Concrete, C. M.S., Feb., 1932, V. 40, No. 2, p. 51-55.—Studies of concretes in various 
states of deterioration showed disintegration generally is confined to complex hydrated 
cement matrix. Disintegration of binder was most pronounced in structures exposed 
to contact water, and where evaporation and percolation of water are most marked. 
Artificially prepared, chemically pure hydrated components of portland cement were 
tested with microscopic and X-ray studies to determine major hydrated constituent 
components of portland cement in samples of concrete removed from existing struc- 
tures in various states of disintegration. When dicalcium silicate is gauged with 
water and made into test pieces, calcium hydroxide is liberated, and amorphous 
hydrated calcium silicate is formed. Amount of crystalline calcium hydrate formed 
is dependent on amount of water used and other factors involving equilibrium. 
No. 3, p. 57-62.—The 2 major crystalline components of portland cement, dicalcium 
silicate and tricalcium silicate, hydrolyze with formation of same products, calcium 
hydrate and hydrated gel-like calcium silicate. Tricalcium silicate hydrolyzes much 
more readily, yielding more calcium hydroxide than does dicalcium silicate. Marked, 
rapid disintegration of test pieces of tricalcium aluminate when immersed in water, 
indicates‘latter may not exist as important component of portland cement. Subjected 
to slow and long-continued percolation of water, cement components may completely 
hydrolyze and under such conditions concrete frequently softens and disintegrates. 
Degree of hydrolysis will differ, dependent on factors connected with making, mixing 
and placing concrete, since standard portland cements differ in chemical composition 
within very narrow limits.—C. B. 


Repeated setting of portland cement. F. Kitiia. Zement (Germany), March 
17, 1932, V. 21, No. 11, p. 148-51.—Experiments include repeated setting tests of 
(1) cements which hardened in storage bins due to access to water, (2) set cement 
from Vicat pats, (3) boiling and Le Chatelier test pats, (4) set cement cast in thin 
slabs, (5) set cement in barrels immersed for 20 years in sea water and (6) set cement 
mortar specimens. Strength tests revealed that in case of pure cements 41 to 78% 
of their initial strength (28-day strength, combined storage) was obtained after 
second set and 28 to 35% after third set. Time of storage seems to have no effect. 
Lean mortar specimens show after second set only traces of their strength while 
rich mixtures (1:2) yield 20 to 30% of their initial strength.—A. E. B 

Investigations at the Bureau of Standards dealing with masonry con- 
struction, cement, lime gypsum and stone. Rock Products, Feb. 13, 1932, V. 
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35, No. 3, p. 52-59.—Investigational work on concrete, concrete materials and con- 
crete products, includes: masonry cements, reaction of water on calcium silicates, 
testing durability of cement by titration with sugar solution, thermal decomposition 
of tricalcium silicate, reaction of water on calcium aluminates and calcium aluminate 
cements, temperature rise in cement pastes during hardening, hardening of portland 
cements at boiling point of water, testing of cement, cement reference laboratory, 
resume of investigations of Portland Cement Fellowship at the Bureau for 1931, cast 
stone, waterproofing, agents for concrete, clays as admixtures for concrete, cinder 
aggregates. References are made to publications in which matter has appeared or 
will appear.—E. 8S. 

Experiments with prismatic specimens of plastic mortars of commercial 
cements of Czecho Slovakia. A. GressNeR. Zement (Germany), Jan. 28, 1932, 
V. 21, No. 4, p. 49-52.—In tests made with 14 ordinary portland cements, 7 high 
sarly strength portlands, 3 blast furnace slag cements, 2 mixed portlands, 1 white 
cement and | fused high alumina cement, prisms 1.6 x 1.6 x 6.3 in. were made accord- 
ing to Swiss specifications with normal consistency (about 11% water, except for 
fused cement). Normal specimens for tensile and compressive strength tests were 
made according to Czecho Slovakian specifications. Comparison of data showed con- 
siderable differences between results of test methods.—A. E. B 


Prolongation of the plasticity of high alumina cement mortar. Zement 
(Germany), Jan. 21, 1932, V. 21, No. 3, p. 42.—Mortar and concrete mixtures of 
certain high alumina cements having normal setting properties, sometimes show 
certain degree of stiffening 20 to 30 minutes after mixing with water and lose some 
of their plasticity. This phenomenon depends to some extent upon temperature 
and seems to be caused by separation of aluminum hydroxide. It reduces workability 
and voids and spaces in forms and between reinforcements are not completely filled. 
Certain admixtures are suggested to overcome this and a process is patented in 
Hungary. Plasticity is retained and setting time slightly retarded by adding 0.1 to 

% of soluble nitrates, permanganates, chlorates, or oxidizing salts to clinker during 
grinding process. Strength is very slightly or not at all reduced.—A. E. B. 

Testing of fire resistance of building materials. RaGNnar Scutyrer. Insti- 
tute for Testing Materials in Stockholm (Sweden), 1931, A. B. Hasse and W. Tull- 
berg, Stockholm, Sweden, 62 p.—Modern testing laboratory erected in Stockholm, 
Sweden, is well equipped for large scale fire resistance tests for floors, walls and 
columns. Report includes results of experiments with hollow, light-weight, and slag 
concrete bricks. Test walls were heated from 1 to 8 hr. at temperatures to 2370° F. 
Distribution of heat was observed by means of thermocouples. Behavior of materials 
during and after heating and when exposed to streams of water was studied. Test 
walls were subjected to loads to duplicate conditions of practice—A. E. B. 


Structural materials for gr gery foundations. Luz Davin. Zement (Ger- 
many), Jan. 28, 1932, V. 21, No. 4, p. 55-6.—Of chief importance is study of water 
leaching through soil and ground water when ager ressive reagents are present. High 
alumina cement is suggested for foundations in sulphate waters and blast furnace 
slag cement for structures in waters containing chlorides. Ordinary portland cement 
with suits able admixtures or insulating coatings usually gives s: itisfac tory protection. 
Best means in any case is dense concrete. Marine structures should be made of 
high iron oxide cements.—A. E. B 


Investigation of a quay wall for damages caused by aggressive action. 
Ric HARD GRUEN AND H. Manecke. Tonind. Ztg. (Germany), March 14, 1932, V. 
56, No. 22, p. 309-11—Damage of concrete quay wall resulting from leach solutions 
saturated with potassium sulphate and potassium nitrate (from unloading of arti- 
ficial fertilizers) consisted of disintegration and softening of top concrete and was 
investigated by chemical analysis of several drillings and samples of corroded con- 
crete. Destruction was caused chiefly by formation of calcium sulphate from lime 
in cement.—A. E. B. 

Effect of the water-cement ratio upon the eer" of mortar and con- 
crete. Karu E. Dorscu. » Zement (Germany), Feb. 4, 1932, V. 21, No. 5, p. 61-4. 
Amount of mixing water has great effect upon corrosion of cements in aggressive 
waters and chemical solutions: strength and porosity are affected. ‘‘Micro-pores” 
and ‘‘macropores” in mortar and concrete as defined, gain importance in connection 
with testing cements according to strictly outlined standard specifications. These 
methods do not reveal sufficient data about actual behavior of cement in practice 








180 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE 


and more individual treatment of various brands of cement is demanded. Experi- 
mental studies include compressive and tensile strength tests of specimens made of 
different compositions and with varying density after storage in 15% sodium sulphate 
solution.—A. E. B. 


The control of concrete strength. Fritz Empercer. Zement (Germany), 
Jan. 7, 1932, V. 21, No. 1, p. 6-8.—Austrian Committee on Reinforced Concrete 
has devised an inexpensive apparatus for testing flexural strength of plain and r. c. 
beams. From each batch of 100 cu. yd. of concrete are made 3 large and 3 small 
beams which are broken after 7 and 28 days. Sieve curves are shown for best pro- 
portioning of aggregates—A. E. B. 

Studies of high-pressure steam curing. J.C. Pearson anp E. M. Brickerr. 
J. Am. Cone. Inst., April, 1932, V. 3, No. 8, Proc. V. 28, p. 537-50.—Studies re- 
ported are of cements of different characteristics with different aggregates, using 5 
curing periods with autoclave apparatus producing temperatures up to 200°C. 
High strength may be expected of 2-day old concrete if cured at pressures above 100 
p.s.i. or at temperatures above 177° C. Aggregates as well as cements, need special 
tests beyond the requirements of existing specifications, before they can be assumed 
to be satisfactory for concrete to be cured in high-pressure steam.—D. F. J. 


Notes on hardening cements at the boiling point of water. P. H. Bates 
AND R. L. Buaine. J. Am. Cone. Inst., April, 1932, V. 3, No. 8, Proc. V. 28, p. 531-5. 
—Although in reported study of accelerated hardening of mortars made from several 
cements, at boiling point of water, only atmospheric pressures were used, data show 
different cements react quite differently in degree of hardening. Results indicate 
—s in use of portland cement at average normal cement prices as compared with 
high early strength portland. High temperature treatment is only effective 

for early ages. Comparisons were made only on a strength basis.—D. F. . 


Effect of mortar strength and strength of unit on the strength of coneeete 
masonry walls. R. E. Copetanp anp A. G. Timms. J. Am. Conc. Inst., April, 
1932, V. 3, No. 8, Proc., V. 28, p. 551-62.—In tests on 108 concrete masonry wallettes 
laid up with 6 different mortars ranging in strength from 150 to 4800 p.s.i. and in 
cementitious material from 100% hydrated lime to 100% portland cement, blocks 
from 3 different aggregates, sand and gravel, Haydite and cinders were made into 
wallettes 4814 in. high. Wallette strengths were reduced to equivalent strengths of 
walls 9 ft. high. For given mortar, strength of walls was directly proportional to 
strength of individual unlts, type of aggregate having little, if any, influence on 
strength of walls except as it ‘affected the strength of units. Units within usual com- 
mercial range (700 to 1000 p.s.i.) produced wall strengths ranging from 340 to 
665 p.s.i.—D. F. J 

Designing concrete mix by absolute volume method. Rock Products, Feb. 
13, 1932, V. 35, No. 3, p. 78.—In method of designing concrete mix in California 
state work, solids i in a cu. yd. (K) are figured from sacks cement per yd. and w/c ratio 
by formula: 27 — n (w/e + 0.48) = K, n being number of sacks. In highway work, 
where K is about 20 cu. ft., 6.5 to 7.5 cu. ft. (abs. vol.) of sand is used if coarse aggre- 
gate is gravel and 7 to 8 cu. ft. if coarse aggregate is crushed stone. Weight of these 
solid volumes is determined by finding specific gravity with a pynenometer and 
proportions are then made by weight. A proportion of sand is taken and grading 
plotted. Mix having right grading is made and tested for workability and if it is 
not satisfactory, proportions of sand and coarse aggregate are varied within grading 
permitted. With this method both yield and w/c ratio are always constant.—E. 8. 

Cement-water ratio by weight proposed for designing concrete mixes. 
IncE Lyse. Eng. News-Record, Nov. 5, 1931, V. 107, No. 19, p. 723.—Cement- 
water ratio by weight has advantage over the usual water-cement ratio by volume, 
in that the strength-ratio curves become nearly straight lines. Strength increase of 
workable concrete may be considered as varying directly with the increase in cement 
content per unit of water. A straight line variation makes it possible to determine 
a wide range of values from only two experimental values.—G. M 


ENGINEERING DESIGN 
BRIDGES 


The new railroad bridge near Vaux sur Yonne, France. Zement (Germany), 
Feb. 4, 1932, V. 21, No. 5, p. 69-70.—Railroad bridge of r. ¢. was built upon abut- 
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ments and river piers of old steel bridge which had collapsed. Roadbed consists of 
heavy reinforced concrete slab resting on 3 longitudinal and several transverse r. c. 
beams. Reinforcement of hinges is important.—<A. E. B 


Designing concrete for weight of 271 pounds per cubic foot. C. C. Keyser. 
J. Am. Cone. Inst. April, 1932, V. 3, No. 8, Proc. V. 28, p. 525-29.—For concrete 
weights of bascule span of Arlington Memorial bridge, concrete weighing 271 lb. per 
cu. ft. with not less than 6 bags cement per cu. yd. of concrete and compressive 
strength of 2000 p.s.i. at 28 days was required. Swedish iron ore, steel rivet-punch- 
ings, and sand were used as aggregates in tests at Fritz Engineering Laboratory, 
results of which indicate that from knowledge of spec. gr. of ingredients used in 
mix it is possible to compute weight of fresh concrete to within approx. 10% pro- 
vided mix is of such workability that air voids may be neglected.—D. F. J. 

Survey of expansion joint practice in reinforced-concrete arch bridges. 
Evmer K. Timpy. Eng. News Record, Mar. 17, 1932, V. 108, No. 11, p. 392.—Digest 
of data from state highway departments concerning length of reinforced concrete 
arch bridges, and number and location of expansion joints, analysis of data on bases 
of number of states and percentage of structures represented.—G. M. 

Double-deck viaduct built over Cincinnati Terminal. Eng. News Record, 
Feb. 11, 1932, V. 108, No. 6, p. 202-205.—Double-deck viaduct, 3,500 ft. long, of 
r. c. and concrete-cased structural steel, designed to provide capacity for traffic 
until 1970, crosses Mill Creek Valley at Cincinnati, in connection with new union 
passenger terminal and rearrangement of freight facilities. Design is in accordance 
with specifications of Ohio State highway department, using live load of 20-ton 
trucks and 50-ton street cars. Of 2 r. c. arch spans, one is single-deck open-spandrel 
of 120-ft. span and 41-ft. rise with 2 ribs having a maximum section of 6 ft. square. 
Other has 2 decks, is of open-spandrel construction, and has 2 ribs with a maximum 
section 7 ft. deep and 6 ft. wide. Clear span is 109 ft., rise 62 ft. Central portion of 
lower deck is suspended from arch rib, while rest of this deck and entire length of 
upper deck are supported on spandrel columns. Horizontal thrust at ends of arches 
is resisted by steel tie rods encased in concrete treated with membrane waterproofing. 
No attempt was made to place initial tension in these rods. Arch ribs were designed 
for stresses induced in them by elongation of tie rods. Remainder of structure con- 
sists of series of 2 and 3-span frames, with 2 columns of each bent connected by a 
cross girder at each deck, and a separate rectangular footing under each column. 
Longitudinal beams with lateral struts between support deck slab.—D. E. L. 


Double piers for expansion in rigid-frame bridge. F.C. Harr. Eng. News 
Record, Feb. 11, 1932, V. 108, No. 6, p. 207.—Maximum waterway with minimum 
deck elevation, was secured with unique type of r. c. bridge with rigid-frame slab 
deck by Arkansas highway department at Harrison, Ark. Each 38-ft. span is made 
to simulate a flat arch, slab being 17% in. thick at center. Bridge consists of 10 
spans, has over-all length of 401 ft., and is 421% ft. wide. Deck slab is self-supporting 
without girders. To compensate for temperature, bridge is divided into 4 units. 
Breastwall of abutment is independent of wingwalls but integral with slab. While 
construction joint is placed at springing line of each span, reinforcing steel continues 
into slab so contraction and expansion of slab will be taken care of by movement in 
breastwall. Same arrangement of reinforcing steel occurs at piers which, at end of 
each 2 or 3-span unit, are double-elastic structures consisting of 2 independent sec- 
tions | ft. apart at bottom and 1 in. apart at top. on single footing. From top of 
pier to deck, sections are separated by 1-in. bituminous felt.—D. E. L. 


BUILDINGS 


Shallow concrete floor developed for Philadelphia schools. Virait L. Joun- 
son. Eng. News Record, Mar. 17, 1932, V. 108, No. 11, p. 390.—Novel concrete 
floor has been developed in Philadelphia to increase efficiency of heat distribution, 
volume and appearance, and to eliminate plastering difficulties of school rooms. 
Floor consists of 2'%-in. slab supported on joists 614-in. deep by 534 in. wide, 26 in. 
0. ¢., Spanning entire width of room. Joists 9 in. deep and 32 in. wide are used over 
the columns. Loading test indicated deflection is about 1-5 of the petmissible.— 
G. M 

Modern food storage house. R. KorGe.. Zement (Germany), Feb. 11, 1932, 
V. 21, No. 6, p. 80-3.—New 5-story building 420 ft. long is distinguished by its, 
ingeniously designed mushroom ceilings which allow for necessary natural ventilation, 
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make maximum floor space available and distribute uniformly stresses produced 
by varying loads in building. Special consideration i is given to design and arrange- 
ment of expansion joints.—A. E. 

Transformer station Norden of the Municipal Power Works in Frankfurt 
a.M., Germany. W. Hece. Zement (Germany), March 3, 1932, V. 21, No. 9, p. 
126-7.— Building is erected as r. c. skeleton structure, mostly of high early strength 
cement. Ceilings are very thin and of slab girder type, provided with channels for 
electric lines and with efficient insulation. Subsoil conditions were very unfavorable, 
necessitating deep foundations. Special consideration is given to effectual archi- 
tectural design. Arrangement of reinforced concrete columns and large windows 
express very well technical nature of building.—A. 


Dams 


New form of dam proposed for narrow rock canyons. C.H. Howe... Eng. 
News Record, Feb. 11, 1932, V. 108, No. 6, p. 214-216.—Dam in which water pressure 
is transmitted direct to abutments by thrust walls or buttresses instead of to valley 
bottom can neither overturn nor slide. Effect of uplift is nullified in suitable design 
based on this principle. Temperature and volume changes of concrete do not affect 
max. stresses and, with assumption of unyielding abutments, concrete stresses are 
determinate and not excessive. No tensile stresses occur, and dam is economical. 
Thrust-buttress dam, suited only to narrow canyons with sound rock abutments, 
contains 40 to 60% of concrete required for gravity dam, and saving in riverbed 
excavation and concrete volume below riverbed will generally be even greater, 
reducing construction contingencies. Compared with arch dam, thrust-buttress dam 
will probably show saving only at sites exceptionally favorable for thrust buttress. 
Analysis of arch dam is complicated and many designers would hesitate to use a 
thin arch design for exceptional heights as 400 to 700 ft. because of inherent difficulties 
and uncertainties of analysis. In such conditions thrust-buttress design may afford 
a satisfactory solution.—D. E. L 


MISCELLANEOUS 


Cutting corners in concrete structural design. J. R. Goetz. Conerete, March, 
1932, V. 40, No. 3, p. 28-30.—Design of slabs supporting stairs and load distribu- 
tion in two-way slabs are treated by the author making use of charts.—N. H. R. 

Some Bose rule short cuts for reinforced concrete design. CueEs.tey J. 
Posgy. Civil Eng., March, 1932, V. 2, No. 3, p. 190-191.—In design of a thousand 
or more r. ¢. beams i it is worth while to ’ dev vise methods for doing the work as quickly 
as possible. Many have discarded charts and tables commonly used for this work, 
finding it can be done more quickly with slide rule alone. Tables of areas and peri- 
meters and charts of coefficients are replaced by notations on scale and some tem- 
porary marks made with a glass writing penc ‘il on runner. Author describes in 
detail a number of short cuts that may be used in evaluating expressions commonly 
used in r. c. design.—D. E. L. 


Spacing of vertical stirrups in reinforced concrete beams. \V. A. Ma.n- 
BERG. Concrete, April, 1932, V. 40, No. 4, p. 32-34.—Formulae for stirrup spacing 
are given. Diagram utilizes relation between spacing and no. of stirrups.—N. H. R. 

The ‘‘rigid’’ compressive stresses in reinforced concrete. Kurt BERNHARD. 
Zement (Germany), Dec. 24, 31, 1932, V. 20, No. 52-53, p. 1084-8, 1099-1102. 
Formulae are presented for calculation of reinforced concrete girder slabs, cross- 
girder slabs, mushroom and rectangular slabs considering static safety, rigidity and 
economy. Stresses in various members are analyzed.—A. E. B. 


Calculation tables for reinforced concrete ceilings with I-beam reinforce- 
ments. E. Morerscu. Zement (Germany), March 3, 1932, V. 21, No. 9, p. 127-8. 
—In answer to statements by Weil (cf. Zement (Germany), 1929, No. 8) author 
points out a discrepancy of these statements and German standard specifications for 
r. ¢. construction concerning static combined action of I-beams and concrete en- 
casing. Bond between concrete and reinforcement and effect of temperature changes 
and shrinkage thereon are critically examined.— A. E. B. 


Progress in the construction of hydro power stations and auxiliary ‘eo 
lations. Erwin Marquarpt. Zentralbl. der Bauverw. (Germany), Nov. 4, 1931, 
V. 51, No. 45-46, p. 660-5.—Modern European power plants described include 
turbine foundations, spiral reinforced concrete intakes, water channels, penstocks, 
pumping stations, storage reservoirs and dams.—A. E. B. 
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Estimating steel quantities in ciscular tanks. H. Carpenter. Conc. Constr. 
Eng. (England), Feb., 1932, V. 27, No. 2, p. 100-104.—Short method suitable for 
estimating and checking purposes, is developed for determining quantities of rein- 
forcement in circular tanks. In formula for quantity of steel, Q@ = K h*r?, Q is quan- 
tity of steel in lb., A is height of wall, r is radius of tank in ft., and K is constant. 
Constant K changed from theoretical value derived to make allowance for irregu- 
larities in cross-section, laps in ring steel, and vertical distribution steel. K values 
are plotted for different values of h /d for laps to ring steel and for vertical distribution 
steel. Consideration also is given to tanks restrained at base.—J. M 

Effect of 7. % of oe on their resistance. Conc. Constr., Eng. (England), 
Feb., 1932, V. 27, No. 2, p. 124-127.—Results by M. H. Lossier in tests on piles of 
different sh: upe oe pos with values using Dérr formula based on earth pressure 
theories to show that Lossier’s formula can be used with an error less than 30% 
Knowing result of test on cylindrical pile formula can be used to calculate approxi- 
mate resistance of pile of equal length whose shape is conical or a surface of revolution. 
Sum of resistances of footing and connected pile is less than sum of resistances of the 
two elements.—J. M 

Reinforced concrete tower of the City Hall Ay Greiffenberg i. Schles., 
Germany. G. Grosser. Zement (Germany), Feb. 1932, V. 21, No. 6, p. 83-4. 

Roof of tower has shape of tent and rests upon 2 hinged rectangular r. c. frames. 
Main shaft has octagonal cross-section. Structure is entirely of r. c., using high 
early strength portland cement.—A. E. B. 

ae garden of precast units. Rock Products, Feb. 13, 1932, V. 35, No. 3, 
p. Back of vertical garden is reinforced concrete wall bn front is of precast 
ahd full of holes. Dirt is in 8-in. space between, a dividing board being used to 
make fa sand backing which carries water for irrigation. Strawberries, vegetables, 
ferns and flowers have been raised in it for 4 years. Wall makes back lot fence—E.8 


ARCHITECTURAL DESIGN 

The Government hotel structure in Bad Schwalbach, Germany. W11- 
HELM Kreis. Zentralbl. der Bauverw. (Germany), Jan. 20, 1932, V. 52, No. 3, p. 
25-33 and Baugilde (Germany), Jan. 25, 1932, V. 14, No. 2, p. 65-72.—Modern hotel 
building in famous German resort is distinguished by its splendid architectural de- 
sign. Building isr. c. structure with hollow concrete brick ceilings of long spans with- 
out supports. Much consideration was given to perfect heat and sound insulation 
of ceilings and walls.—A. E. B. 

Round church in Ludwigshafen a. Rh. Germany. a LALLEYER AND 
Hans ScHNEIDER. Zement (Germany), Jan. 21, 1932, V. 21, No. 3, p. 40-2.—New 
r. c. church has circular cross-section 114.8 ft. in diam. aati al character of 
church front is emphasized by large cantilevered hall structure at main entrance. 
Tower 157.4 ft. high above center of building is connected with outer walls by 12 
r. c. ribs between ring-shaped tension and compression members. Load rests upon 
12 interior columns based upon foundation. Sub-soil conditions were unfavorable 
and demanded solid circular reinforced concrete slab foundation with circumferential 
and radial ribs.—A. E. B 


FIELD CONSTRUCTION 
BRIDGES 
Construction of Chiswick bridge. W. L. Scorr. Cone. Constr. Eng. (Eng- 
land), Jan., 1932, V. 26, No. 1, p. 4-9.—Continued description of construction of 
Chiswick bridge. Both river piers have been completed and erection of staging is 
well advanced.—J. M. 

_ The extension of the east station. M. Very. La Technique Moderne (France), 
Vol. 24, No. 2, Jan. 1932, p. 41-44.—Studies were made of obstacles in underground 
construction of abutments for Philippe-de-Girard bridge. In constructing this bridge 
new foundations were built for 8 adjoining buildings 3 to 6 stories high. Methods are 
outlined and illustrated by diagrams.—J. M 

New type of foundations for the construction of the bridge over the Small 
Belt, Denmark. Schweiz. Bauztg. (Switzerland), Dec. 26, 1931, V. 98, No. 26, p. 
341-3.—Bridge from mainland to Fuenen island has new ingenious design decided 
on in international contest. Piers founded 121.5 ft. below sea level rest on r. e. 
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caissons 134.5 ft. long and 65.6 ft. wide oval-shaped and cellular with walls consisting 
of row of pipes 3.9 ft. in diameter. Caissons were built on shore and launched upside 
down. Lower edge of pipe wall had shape of ground surface on which caisson rests. 
Caisson was brought into position and slowly turned by loading its cells with gravel and 
water ballast. Floating concreting plant completed construction of pier.—A. E. B. 


BUILDINGS 


Construction of dwelling houses with precast concrete blocks. Zement 
(Germany), Feb. 18, 1932, V. 21, No. 7, p. 98-100.—New proposed patented Golder 
method is distinguished by fact that only 1 type of form block is necessary, made in 
2 different compositions according to its use in interior or exterior. Blocks, which 
have high insulating value can be used for wall and floor construction. Walls are 
assembled with insulating layers.—A. E. B. 

Light-weight concrete in practice. Ewatp Scuusert. Zement (Germany), 
March 17, 1932, V. 21, No. 11, p. 158-9.—Description of erection of small dwelling 
house made of light-weight concrete with blast furnace slag aggregates.—A. E. B. 


Reinforced concrete platform roofs for the East Station in Munich, 
Germany. A. Weiss. Zentralbl. der Bauverw. (Germany), Feb. 3, 1932, V. 52, 
No. 5, p. 56-7.—Thin (2 in.) r. c. vault slabs of Zeiss-Dywidag type were used for 
new platform roofs of railroad station. Reinforcements consist of welded steel wire 
mesh. Design presents new features and has many advantages over old system: 
thinner slabs, wider spacing of supports, saving of structural materials and greater 
stability.—A. E. B. 

Wood-fibre board forms erected for Quantico Marine barracks. Concrete, 
Feb., 1932, V. 40, No. 2, p. 21-23.—Barracks and floors of U. 8. Government build- 
ings were typical beam-and-girder design with beams 4 ft. 10 in. o. ¢., spanning 20 
ft. between girders, providing slab 4 x 20 ft. Forms were fabricated on job from 
complete details, given shop marks, and erected like structural steel. Interior column, 
beam and slab forms were kept moving as fast as stripping allowed. Two by 4-in. 
studs were spaced 30 in. o. c. with double 2 x 4-in. wales, top, bottom and center, and 
sheeted with 4-in. wood-fibre board. Column forms were constructed of 4-in. wood- 
fibre board and 1 x 4-in. backing. Commercial preparation applied to forms retarded 
setting of cement at surface and exposed aggregate surface of foundation walls above 
grade resulted.—-C. B. 


Fireproofing steel-framed buildings with cinder concrete. J. ArTHUR GaAr- 
ROD. Concrete. March, 1932, V. 40, No. 3, p. 9-11.—In high stories suspended work- 
ing stage entirely separate from form hangers in provided for form builder by attach- 
ing wire loops to steel beams. Ledgers of scaffold are left in place and later utilized 
for stripping forms and possible pointing. ‘‘Joists,’’ placed on edge and hung by 
“hairpin” wire hangers, support beam bottoms, beam sides and floor form system. 
Beam, girder and cover-in boards are used with rough side to concrete to provide 
plaster key. Form lumber will average 6 uses.—C. B. 


Dams 


Apply modern construction methods on Wilmington dam. Ravpu P. 
Brown. Concrete, March, 1932, V. 40, No. 3, p. 7-9.—Special bulk-cement cars 
spotted over spouts fed cement by gravity to screw conveyor to metal storage bin 
feeding pumping system through which cement was pumped 3,000 ft. to mixer. 
Aggregates were delivered to storage in trucks. Belt conveyor system carried con- 
crete to dam where it was placed in stages averaging 7 ft. high. Forms were made 
up, bolted into place and raised by block and tackle. Outer and inner faces of dam 
were of 1:2:4 concrete, and body of mass 1:3:6.—C. B. 


MISCELLANEOUS 


Technical activities of the National Ready Mixed Concrete Association. 
Stanton Waker. Rock Products, Jan. 9, 1932, V. 35, No. 1, p. 141-143.—Im- 
portant factors in development of industry are outlined including purchase specifica- 
tion, understanding of fundamental principles of concrete proportioning, investiga- 
tion of method of sampling, studies of equipment used and of use of admixtures 
and effect of different brands of cement.—E. 8. 


Ready mixed concrete branch of rock products industry grows. Rock 
Products. Jan. 9, 1932, V. 35, No. 1, p. 139-141.—-Survey indicates total yardage of 
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ready mixed concrete in 1931 will exceed 1930 output. So interwoven is relationship 
between aggregate production and ready mixed concrete that National Ready Mixed 
Concrete Association has arranged to have executives of National Sand and Gravel 
Association conduct its activities. Equipment and methods in newer plants are 
outlined.—E. 8. 

Warner Co. does the unusual in design of new combination dry-batching 
and central-mix plant.’ W. E. Traurrer. Pit and Quarry, Feb. 24, 1932, V. 23, 
No. 11, p. 17-22, 50.—Detailed description of Morrisville, Pa., plant having capacities 
of 100 cu. yd. concrete and 200 tons dry-batched aggregates per hr. Features are: 
use of bulk cement, six grades of aggregates, 7-ton batcher, 3-cu. yd. mixer, heating 
of materials in cold weather, deliveries in 3- to 4.5-cu. yd. mixer trucks.—A. J. H. 

Pumps for transporting cement. Tonind. Zig. (Germany), Jan. 14, 1932, V. 
56, No. 5, p. 65-6.—In new type of cement pump, material is fed to small hopper and 
passes through interior of pump. Friction between cement particles in conveyor 
screw is reduced by introducing low pressure air through a system of nozzles into 
fan housing. Pump conveys cement at site of construction to concrete mixer and 
discharges cement in bulk from boats and cars, handling 16 to 28 tons per hr. 
Distribution to several points is possible.—A. E. B. 

Latest in batching plants. Rock Products, Feb. 27, 1932. V. 35, No. 4, p. 72- 
73.—Moulding-Brownell Corp., Chicago, has automatic batching plant which fur- 
nishes material for 200,000 yd. of concrete in New Chicago postoffice. Cement is 
unloaded from cars by a portable pneumatic cement pump. Discharge is to 2 bins, 
over batching houses. As operator throws lever, automatic feeder and weigher puts 
exactly right amount of cement in batch. Aggregates are stored in piles and put in 


hand operated batching bins by clamshell.—E. 8. 


Operating and marketing policies of pioneer ready-mixed plant. L. M. 
Dean. Concrete, Feb., 1932, V. 40, No. 2, p. 17.—Plant of Central Conerete Co., 
Indianapolis, originally started as central mixing type and gradually changed over 
to central proportioning type now operates wholly on latter basis. Aggregates and 
cement are proportioned by weight; water is measured. The 8 1-yd. truck bodies 
used may be mounted on any ot lighter truck types. For deep excavations, floors 
above ground and other inaccessible places, mixer drum may be lifted off with derrick 
and used as bottom-dump bucket. Orders are referred to as 4-, 5-, or 6- bag con- 
crete, corresponding roughly to the former mix designations of 1:3:6, ete. Prices 
range from $5 to $6 per cu. yd.—C. B. 

Portable conveyors place concrete on Illinois terminal project. G. L. 
TaRLTON, Concrete, Feb., 1932, V. 40, No. 2, p. 30.—Roof of subway in Illinois 
terminal project at St. Louis is 100-ft. street, 2,200 ft. long, constructed of r. c. con- 
sisting mainly of 10-in. slab, placed in 20-ft. sections. Concrete was 1:2:4, 4 to 
5-in. slump, delivered from central mixing plant in 2.l-yd. “bathtub’’ body trucks. 
Eight portable belt conveyors gave line of over 200 ft. and handled 1 to 114 eu. yd. 
per min., at angles up to 20 deg. at final conveyor, where short swinging chute was 
used.—C. B. 

Hollow concrete piles made by centrifugal process. L. R. Neep. Eng. 
News-Record, March 10, 1932, V. 108, No. 10, p. 374.—-Westinghouse Electric & 
Mfg. Co. produced over 3500 hollow concrete r.c. piles for approach to Me- 
Kinley bridge, St. Louis, having both spiral and longitudinal reinforcing and made 
in 20 to 40-ft. lengths. Immediately after pouring they were rotated at 500 r.p.m. 
for 15 min., producing dense outside layer of concrete and longitudinal hole down 
center. Curing was for 28 days in saturated atmosphere. Average compressive 
strength was 5000 p.s.i. They stood the shock of driving and the center hole per- 
mitted jetting.—G. M. 

Piles 93 ft. long at Renfrew. W. L. Scorr. Conc. Constr. Eng. (England), 
Feb., 1932, V. 27, No. 2, p. 94-104.—-Longest piles ever made in relation to their 
diameter of 17 in., in England, to provide foundations of viaduct on outskirts of 
Glasgow, are Considere piles, octagonal in section, spirally reinforced. Details are 
given of strata, of concrete used, and of plant employed. One principal consideration 
in determining minimum diameter and reinforcement permissible was that of hand- 
ling from horizontal position in which they were cast. Lifting arrangement is de- 
scribed and record given of number of blows and corresponding penetrations for one 
pile. Every pile satisfactorily withstood severe driving, many piles receiving nearly 
1,000 blows from 7400-lb. hammer falling 4 ft.—J. M 
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The utilization of cements for paints. M.Cuapietr. Le Moniteur de la pein- 
ture (France), March 25, 1931; reviewed in L’Industrie Chimique (France), Dec. 
1931, V. 18, No. 215, p. $84.—Cement paints are used quite frequently for cone rete 
coatings, a mixture of cement ( preferably high alumina) and water in right proportion 
being satisfactory. Paints can be improved by additions of marble dust or pigments 
to mixture. Best results are obtained on fresh or wetted concrete surfaces. Coatings 
should be kept wet for at least 2 hr.—A. E. B. 

The cement used for the reconstruction of Asia Minor. Mrumep Napit- 
Brey. Zement (Germany), Jan. 28, 1932, V. 21, No. 4, p. 52-5. currence of large 
deposits of sand and rocks made concrete most suitable material for reconstruction 
of great parts of Asia Minor which had suffered during and after World War. Many 
roads and industrial structures were built of concrete and r.c. Four cement plants 
were built to furnish cement and to satisfy steadily increasing demands. New rail- 
road lines were built with numerous concrete bridges, also harbors and quay struc- 
tures.—A. E. B. 


Precast concrete piles used in Ford Motor Co. wharf at Los Angeles. 
Concrete Products, Nov., 1931, V. 40, No. 11, p. 28-29.—A description of production 
methods in making precast concrete piles for Ford Motor Co. wharf.—H. O. H. 


Investigations of temperatures developed by concrete during the setting 
period and application of the data for the construction of a mine by freezing 
process. RicHarp GruEN AND HuGo BeckMANN. Zement (Germany), Jan. 21, 
1932, V. 21, No. 3, p. 36-40.—Purpose of investigation was to find best conditions for 
mixing and placing portland cement concrete for sinking mine shaft by freezing 
process. It was necessary to keep concrete at proper temperature to insure hardening 
and avoid frozen mine walls. Best grading of aggregates for very dense concrete was 
determined. Temperatures during hardening were measured in 3 x 3 x 2-ft. test 
block, faced at one side with ice cooled wall and provided with 4 thermocouples and 
1 thermometer. ‘Temperature in interior rose to 39.2 and 43.7° F. in 36 to 48 hr. 
Compressive strength of concrete was satisfactory. Since temperature in mine was 
lower than in experiment, heating of aggregates and mixing water was decided on. 
Mine shaft was 394 ft. deep and concreted in 3 sections 131 ft. each. Temperatures 
in concrete were 63 to 68° F. after placing and high enough to prevent freezing of 
concrete for 16 days.—A. E. B 

Directions for winter concrete jobs in Russia. K. A. Poni. Zement (Ger- 
many), Feb. 4, 1932, V. 21, No. 5, p. 66-9.—Directions suggest working with heated 
concrete masses without heated protective installations. Removal of forms is 
allowed after concrete has reached at least 70% of its expected final strength. ‘Tem- 
perature of concrete should not fall below 40° F. W/c ratio should be as low as 
practically possible. High early strength cement should be used. Additions of 
chemical admixtures suggested shorten hardening process. Details include best 
concrete materials, formwork, reinforcements, mixing, conveying, placing, heat 
protection and insulation of placed concrete, removal of forms, temperature observa- 
tion, testing and control of strength.—A. FE. B. 


RoapDs AND PAVEMENTS 


Concrete roads on soft soils of low bearing capacity. P. W. Scuarroo. 
Betonstrasse (Germany), March 1, 1932, V. 7, No. 3, p. 27-9.—Concrete is most 
suitable pavement on soft soils with small or non-uniform be: aring capacity. Compo- 
sition of concrete, placing method and treatment of sub-soil must be carefully 
adjusted to existing conditions. Chemical investigation of sub-soil and ground water 
and mechanical test of soil must be made. Reinforcements are in general necessary. 
Slabs should be small and provided with many expansion joints allowing individual 
movement of various parts of pavement.—A. E. B 


Road exposition and road week, November 3 to 14, 1931, Paris. JACQUES 
Tuomas. Genie Civil (France), Dec. 5, 1931, No. 23.—In ‘ ‘Composition and prepar- 
ation of concrete for road construction” presented by M. Tuquais, importance of 
water-cement ratio was emphasized. Graph shows relation of 28-day concrete 
strength to liters of water per 50-kg. sack of cement for mixes containing 210 to 1490 
lb. cement per cu. yd. concrete. French road technique is to date thoroughly famili: ar 
with 2-course construction, lean foundation course and rich service course. ‘‘Ma- 
cadam cement’ described by Jacques Thomas, constitutes an intermediate step 
between concrete and macadam. Hydraulic cementing ingredient may be added to 
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the dry aggregate without addition of water; sprinkling before rolling starts hydraulic 
action. Newly-laid macadam course may be flooded with a mixture of cement, sand 
and water, and rolled until water appears at all points of surface. So-called “sand- 
wich” method, used in Germany and England, consists in placing layer of plastic 
mortar between 2 courses of roc k; rolling forces mortar downward into lower course 
and upward in upper.—M. A. C. 


Causes of defects in concrete roads. Conc. Constr. Eng. (England), Feb., 1932, 
V. 27, No. 2, p. 110-11.—Replies to questionnaire issued to highway authorities in 
Great Britain by a technical committee appointed to advise Minister of Transport 
on experimental work in concrete road construction showed wide variations in 
practice and information tends to suggest: (1) transverse cracking reduced by trans- 
verse joints but value of joint reduced by continuing reinforcement across trans- 
verse joint, (2) no relation between arrangement of transverse joint and development 
of corner cracks, (3) longitudinal cracks reduced by longitudinal joints, (4) preven- 
tion of evaporation of water during curing increases cracking, (5) two-course roads 
did not withstand crac king so well as single-course, (6) roads laid on wet base crack: 4 
less than on dry base, (7) six roads cured with silicate of soda were reported in very 
good condition.—J. M. 


Technique of modern roads. G. Bepaux. La Technique Moderne. (France), 
Feb., 1932, V. 24, No. 3, p. 65-70.—Comparison is made of methods and general 
tendencies presented at the International Road Congress in Washington with general 
tendencies in France. From summary of questions treated by the 2 organizations, 
deductions are: (1) necessity of depending more on machines for road building; (2) 
necessity of making studies in laboratories for determining resistance of different 
road materials and better utilization of them; (3) benefit of reducing to minimum cost 
of transporting materials to road site. Question of protection and improvement of 
traffic is discussed, with conclusions on financial problem of road building.—J. M. 


Resurfacing and widening methods applied to concrete roads. Concrete, 
March, 1932, V. 40, No. 3, p. 17-18.—Practices followed in resurfacing of old con- 
crete roads are not standardized. Methods include: sand cushion placed on old slab, 
and new surface course of portland cement concrete superimposed ; bituminous treat- 
ment applied to old surface, which is the n completely enveloped, both top and sides 
with min. thickness of 6 in. of r. ¢.; new wearing course, 3% to 4 in. thick; new 
pavement extended at least 12 in. beyond each edge of old to give thickened edges; 
slab keyed 6 in. under edge of old slab; 44-in. deformed tie bars driven under edge 
of old slab and allowed to extend into new pavement on each side.—C. B. 


The design and construction of the Mount Vernon Memorial Highway. 
R. E. Toms and J. W. Jounson. J. Am. Cone. Inst., Apr., 1932, V. 3, No. 8, Proc. 
V. 28, p. 563-588.—Traffie and aesthetic considerations were given first attention 
in the design of Mount Vernon Memorial Highway. Two traffic problems of 
major importance were the crossing of the Memorial Highw: iy and main Washington- 
Richmond road, and providing parking facilities and reversing the flow of traffic at 
the Mount Vernon terminus. Alignment and grades largely follow topography of 
country. Excavation for subgrade provided earth for shoulders by lateral movement. 
Both rigid and flexible types of paving were used. Concrete for base was designed 
for a modulus of rupture of 500 p.s.i. at 28 days and for pavement, 600 p.s.i., both 
being reinforced with steel wire. Base was constructed in 20-ft. widths with trans- 
verse planes spaced at 40-ft. Concrete pavement was constructed in longitudinal 
10-8-10-in. sections under each traffic lane. Bridges are stone faced r. c. arches.— 
D. F. J. 

SEWERS 

Form work and concreting methods on monolithic sewer. Haro.p L. 
Anprus. Concrete, March, 1932, V. 40, No. 3, p. 12-14.—First unit of a Kalamazoo, 
Mich., intercepting sewer includes 319.38 ft. of rectangular outfall and 3,435 ft. of 
circular section. Circular or inside forms were made in segments of 26-in. radius, 
equally spaced and covered with lumber and impervious wood-fibre form board )¢-in. 
thick. Sewer walls were 6 in. thick, reinforced by 1%4-in. deformed bars around seg- 
ments, and longitudinally. Each concreting operation was a unit, construction joint 
being closed with an expanding metal dam. Six electric vibrators were used in 
concreting circular section. Forms were used 36 times oiled with cheap grade of 
ordinary wagon greage.—C. B. 
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SHOP MANUFACTURE 
Operations of the Standard Art Stone Co. W. A. Scorr. Concrete Products, 
Nov., 1931, V. 40, No. 11, p. 14-15.—In manufacture of cast stone by Standard Art 
Stone Co., Portland ,Ore., interesting method of obtaining color is used. Liquid tar 
coating is applied to unexposed surfaces of cast stone units.—H. O. H. 


It’s time to quit free wheeling. D. R. Couuins. Concrete Products, Nov. 
1931, V. 40, No. 11, p. 16-17.—Aggressive manufacturer who renders real service and 
gets business, must have diversified line of concrete products, manufacture economi- 
cally and sell with a vengeance. Those who would operate profitably should start in 
plant with reforms and make a housecleaning throughout organization.—H. O. H. 


Determination leads to success. FRANK WHIPPERMAN. Concréle Products, 
Nov., 1931, V. 40, No. 11, p. 18-19.—Kansas City Duntile Co., Kansas City, Mo. 
successfully promotes concrete masonry business in strong clay tile market using 
plant in which gravity flow carries aggregates through production operation. Sales 
are through lumber dealers.—H. O. H. 


Beautiful Walls of Concrete Ashlar. Wat-Warp Harpine, Concrete Pro- 
ducts, Nov., 1931, V. 40, No. 11, p. 10-12.—-Various decorative treatments are possible 
with random sizes of concrete masonry units, both for interior and exterior applica- 
tion. Surface treatment and methods of adding color to wall are discussed, and 
economy of repeating standard pattern both in random and coarsed ashlar is ex- 
plained.—H. O. H. 

Omaha company shows steady increase in business. Cuartes P. Ropman. 
Concrete Products, Nov., 1931, V. 40, No. 11, p. 5-8.—Ideal Cement Stone Co. increased 
production from 100,000 to 1,500,000 block in 25 years of operation, making a diversi- 
fied line of other concrete products in addition to output of building blocks. Line 
of building materials to supply concrete products business has been added. Com- 
pany is centralizing business at one of its two plants.—H. O. H. 


Federal-American Cement Tile Co. finds new application for its product. 
Concrete Products, Dec., 1931, V. 40, No. 12, p. 15.—Special use was made of light- 
weight precast concrete floor slabs in elevated platforms and stairs leading to the 
Chicago Elevated Railways, Chicago, Il]—H. O. H. 

Developing an idea developed this business. D. R. Couns. Concrete Pro- 
ducts, Dec., 1931. V. 40, No. 12, p. 5-10.—Media Concrete Products Co., Inc., 
Media, Penn., develops lightweight concrete masonry unit with 3 designs for special 
applications. Following a fire, new plant was planned so that production to meet 
demand could be maintained during erection, emer type of automatic equipment 
being installed.—H. O. H. 

What’s ahead for the concrete products industry. Concrete Products, Dec., 
1931, V. 40, No. 12. p. 12-13.—Einar Christensen explains developments of concrete 
products industry in past 10 years, outlining things every products manufacturer 
should do and emphasizing fact that products should be manufactured according to 
established standards. Eugene F. Olsen discusses manufacturing problems, new 
markets and product development. Out of depression will come a stronger, more 
healthy and confident concrete products industry.—H. O. H. 

Uses department store methods in merchandising concrete products. 
Wituis Parker. Concrete Products, Dec., 1931. V. 40, No. 12, p. 16-17.—-Concrete 
pipe plant 1 gen to prospects through arrangement of stock of concrete pipes. 
Special roadside display of irrigation pipe of the Concrete Conduit Co., Ltd., Colton, 

alif., and layout of plant and stockpiles are shown. Strategy in quoting prices of 
product is discussed.—H. O. H. 

1931—-A year of achievement in concrete masonry industry. W. D. M. 
Autan. Rock Products, Jan. 9, 1932, V. 35, No. 1, p. 135.—Several hundred manu- 
facturers contributed to wall investigation at University of Illinois. A. 8. T. M. 
issued tentative standard specification for concrete masonry units, and specifications 
were adopted for concrete masonry and cast stone by the Federal Specification Board. 
Great advantage of concrete ashlar is lower cost for acoustically treated, fire-safe 
attractive walls. Three methods of drying block after wet curing are (1) stock piling 
under cover with cells horizontal so air can circulate freely, (2) adding heating and 
ventilating equipment to steam curing room, to dry out block after they have been 
cured, (3) curing units in tight cylinders at steam pressures of 80 to 125 lb.—E. 8. 











ABSTRACTS 
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Protection of structures and protective agents. Part 4. Mechanical and 
chemical concrete hardening. C. R. PLatzMann. Bautenschutz (Germany), 
Feb. 5, 1932, V. 3, No. 2, p. 20-3.—Last article of series describes means for improve- 
ment of concrete density and umpermeability by mechanical and chemical means 
(admixtures). Resistance of concrete and mortar to corrosive action of aggressive 
waters and solutions can be considerably increased.—A. E. B. 

Changing the chemical resistivity of portland cement against water by 
mixing with various admixtures. N. Gunprus-Assatsson. Zement (Germany) 
Feb. 4, 11, 1982, V. 21, No. 5, 6, p. 64-6, 77-80.—In studies of solution phenomena 
of cement. and concrete in water attempts were made to increase resistance of cement 
against action of water by mixing with siliceous materials and studying their indi- 
vidual merits. Such materials were: slate ashes, trass, kieselguhr, blass furnace 


slag, zementit, sika and arsenic trioxide. Resistance of cement was increased by 
kieselguhr, sodium silicate and moler. Arsenic trioxide has favorable effect.—A. E. B. 


The use of hardening agents for construction of concrete roads. W 
Buscu. Betonstrasse (Germany), March 1, 1932, V. 7, No. 3, p. 30-3.—Seven com- 
mercial cement hardening products were studied in 2-in. cube specimens made from 
sand and 10 to 40% admixtures. All hardeners considerably increased resistance 
against abrasion when used in sufficient quantities. Compressive strength is only 
slightly affected; increase in strength, which generally results is chiefly due to improve- 
ment of granulometric composition of mix and not to strength improving properties 
of admixtures.—A. bk. B 

Lime and portland cement for masonry mortars. F. O. ANpdEREGG. Rock 
Products, Feb. 27, 1932, V. 35, No. 4, p. 45. Table shows water requirements, 
strength, volume changes and other characteristics of lime and portland cement 
because of necessity of balancing these materials. More than 40 masonry cements 
on the market vary from mixtures of lime with 20% portland cement to those in 
which portland cement predominates Some have placed too much emphasis on 
workability and others on high strength for best results.—E. 8. 

Effect of Celite on the modulus of elasticity of concrete. Grorce A. Smirx 
J. Am. Conc. Inst., May, 1932, V. 3, No. 9, Proc. V. 28, p. 613-26.—Tests reported 
indicate, other conditions being equal, Celite has little or no effect on modulus of 
elasticity or on strength of concrete. Modulus increased as strength but at relatively 
lower rate, for both plain and Celite concrete. Modulus increased with increased 
cement content and decreased as consistency or flow increased. Ageing from 28 to 
90 days resulted in higher moduli of elasticity—D. F. J. 

AGGREGATES 

Effect of water content of aggregates upon strength and consistency of 
concrete. Wauz. Bautenschutz (Germany), Feb. 5, 1932, V. 3, No. 2, 4 p.—Report 
of comprehensive investigation with dry, moist and water saturated aggregates and 
concrete mixtures of same consistency and same w/c ratio states effect of various 
factors studied, with conclusions for practical! application.—A. E. B. 

The deportment of sand in colloidal solutions of low surface tension. W. 
BE. Haskeiy. Rock Products, March 26, 1932, V. 35, No. 6, p. 42-43.—Plasticity of 
cement pastes is increased by water solution of a colloidal material that depresses 
surface tension of water. Effect of same solution on sand was studied. It consider- 
ably reduced bulking and use of such solution would permit somewhat lower w/c ratio 
for same plasticity.—E. $ 

Recent research on concrete aggregates by the Portland Cement Associa- 
tion. H. F. Gonnerman. Rock Products, March 12, 1932, V. 35, No. 5, p. 36-41. 
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—Reference is made to fire tests of concrete masonry walls, resistances developed by 
different aggregates, studies of workability of concrete, and durability studies in 
progress. These confirm previous studies in finding that quality of cement paste 
largely determines quality of concrete although non-durable particles will disinte- 
grate concrete unless protected by paste of very high quality.—E. 8. 


Gravel aggregates in cement concrete. R. S. Frame, Jr. Canadian Eng., 
Dec. 15, 1931, V. 61, No. 24, p. 13.—Aggregate comprising 70-80% of volume of a 
concrete mixture, — affects quality due to its character and grading. Important 
characteristics are: (1) cleanliness, (2) durability, (3) grading, and (4) uniformity of 
grading. Cleanliness involves freedom from harmful impurities such as loam 
organic material and extremely fine particles of clay and silt. Uniformity in grading 
is essential to production of uniform concrete. Well graded aggregates produce 
higher strengths than poorly graded because they require less mixing water. Sand 
usually predominates when sand and gravel are used as found and excess of cement 
is usually needed when pit run aggregates are used. As a class advantages of gravel 
aggregate are workability, ease of handling and yield.—G. M. W. 

Methods for the valuation of — ia. Ww. Dawint. Tonind. Ztg. (Ger- 
many), Feb. 1, 8, 1932, V. 56, No. 10, 12, p. 137-8, 171.—Best grain composition of 
gravel-sand is graphically demonstrated. é urves are shown according to directions 
by Graf, Herrmann, Probst and Brandt, Fuller, German standard specifications and 
German Railroad Co. specifications. Results are compared with data obtained by 
Abrams’ fineness modulus. Curves are based on favorable compressive strength 
and do not consider density of concrete. Special reference is made to work by 
Hummel and Stern (ef. Zettschr. Oester. Ing. und Archit. Vereins (Austria), Aug. 
1930, Nov. 27, 1931, V. 82, 83, No. 31-34, 47-48, p. 255-7, 269-72, 346-9; JourNAL 
A. C. L., Nov. 1930, Feb. 1932, V. 2, 3, No. 3, 6, Abstracts p. 68, 130), and their 
efforts to improve fineness modulus.—A. E. B. 

The use of gravels containing loam or clay for concrete. Ernest Risse-. 
Zement (Germany), Feb. 25, 1932, V. 21, No. 8, p. 111-3.—Effect of loam upon 
physical properties of concrete can not be established with absolute certainty. 
Decision about practical use of a sand or gravel containing loam or clay must be 
arrived at by experiments. It is important to establish degree of unfavorable effect 
upon concrete. Actual investigation of such cases in practice were made at con- 
struction site.—A. E. B. 

Lightweight aggregates progress. Rock Products, Feb. 13, 1932, V. 35, No. 3, 
p. 85-86-—It is expected that 1931 production of cincer concrete block will show a 
decline of 14 to about 20,000,000. Sand-cinder concrete is being used in enormous 
quantity in New York. Pumice concrete is increasingly popular in Europe. Pottsco, 
patented granulated slag aggregate, is being used in precast units. Waylite is a 
German light-weight slag aggregate. Haydite is sole burned clay aggregate in 
market. Cel Sealed is made by forcing clay through holes and cutting threads into 
pellets. Burning forms a refractory layer, sealing pores. Lytag is made by sintering 
clay or shale and granulated fuel. Burned coal breaker waste is being tried as 
aggregate.—E. S. 

Storage system for concrete aggregate plants. EK. M. Srevens. Rock Pro- 
ducts, Feb. 27, 1932, V. 35, No. 4, p. 39-40. Location of plant should be such that 
ground storage of at least 25% of yearly production of plant may be provided. 
In plant built on Kern system washing and screening units are placed in a tower 
in center of a circle. divided into seetions by walls. In center below tower is hopper 
and underground belt for reclaiming material as desired—E. S 


CEMENT 
The estimation of free lime in eg G. A. ASHKENASI. Cement and Ce- 
ment Manuf. (England), Mar., 1932, V. 5, No. 3, p. 93-96.—Further experiments on 


development of free lime in cements were y toe by long continued heating at LO00° C, 
(ef. Feb., 1932, issue of this journal). Presence of either gypsum or anhydrite accel- 
erates formation of free lime, but this decomposition takes place in pure cements 
(SO;-free) after long continued heating. Under the microscope cement crystals appear 
corroded after long ignition.—J. C. P. 

The hardening of portland cement. J. E. Lovenruau. Cement and Cement 
Manuf. (England), Mar., 1932, V.5, No. 3, p. 87-88.—Certain experiments reported 
tend to prove that Tippmann’s theory of silica gel and calcium hydroxide as end 
products of cement hydration is not tenable. They involve tests of pastes of Moler 
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(diatomaceous pozzolana) with cement and lime at various periods, in which soluble 
silica is found to increase markedly due to formation of some hydrosilic: ate of lime. 
Hydrolysis of cement silicates cannot ultimately produce only silica gel and Ca(OH») 
when at same time calcium silicate is formed by action of free CaO on free silica or 
hydrated silica.—J. C. P 


The reaction between portland cement and water, a contribution to the 
hardening theory. Hans Kuni ann Wana Tao. Zement (Germany), Feb. 25, 
March 3, 10, 1932, V. 21, No. 8-10, p. 105-11, 120-6, 134-9.—Experimental method 
allows investigation of newly formed and precipitated materials separately from 
unattacked cement when cement and water are agitated together under certain 
fixed conditions. Compounds high in alumina are extracted from cement grain by 
reaction liquid; they hydrate in liquid phase and precipitate as hydroaluminates 
Reactions of compounds high in silica are entirely different; about half of their lime 
content goes into solution, remainder hydrates in cement grain to a hydrosilicate 
which is poorer in lime and which coates cement grain in form of a colloidal gel. 
oe take very little or no part in hydration process. Reaction of cement grain 


with water is of varying speed for different cement constituents; this leads to cor- 
rosion of cement grain _ to zones of different composition. Vigorous decomposition 
of tricalcium silicate leads to oversaturation of lime water. Formation of hydrosili- 


cates at cement grain and precipitation of calectum hydrate and calcium hydroalum- 
inate lead primarily to amorphous compounds which only after long time and then 
only partly are transformed into crystalline state-—A. E. B 


The reaction between portland cement and water. Hans Kuni anp WANG 
Tao. Zement (Germany), Mar. 24, 1932, V. 21, No. 12, p. 165-6 Authors correct 
their statements in previous article (ef. Zement (Germany), Feb. 25, Mar. 3, 10, 
1932, V. 21, No. 8-10, p. 105-11, 120-6, 134-9) giving -¢ = wee for reaction of 
tricalcium silicate and dicalcium silicate with water. . EB. 

The value of the boiling test in the control of bat ERNst Risse! 
Tonind. Zeitung (Germany), Feb. 29, 1932, V. 56, No. 18, p. 249-51 \ critical 
consideration of valuation of cements by boiling tests Effect of form of pats, 
imount of mixing water, time and nparerer of storage are stressed Experi- 
ments are cited where unsound cements passec 1 boiling test when judged 
to specifications 1. E. B 

Investigation of portland cement and its constituents by means of vapor 
pressure measurements. Part 3. F. Krauss, G. JoeRns AND W. ScHRIEVER. 
Zement (Germany), Feb. 18, 1932, V. 21, No. 7, p. 89-93.—After having studied 
behavior of synthetic melts during hydration process ef. Zement Germany B Nov 
6, 1930, Apr. 2, 9, 1931, V. 19-20, No. 45, 14, 15, p. 1054-5, 314-7, 341-3; JouRNAL 
\. C. L., Feb., June, 1931, V. 2, No. 6, 10, Abstracts p. 164, 281), further hydration 
experiments were made with samples of commercial portland cement. clinker taken 
t different places from interior of rotary kiln, with and without addition of gypsum. 
Compressive and tensile strength and uncombined lime in sample were determined 
and heat of reaction during setting and vapor pressure curve were observed and 
analysed. During hydration and hardening poe of portland cement clinker, 


vecording 


colloidal as well as crystalline phases appear E. B. 
Properties of portland cement particles det ol than 10 microns. J. Il 
JENNINGS. Cement and Cement Manuf. (England), Mar., 1932, V No. 3, p. 99 


102..—Tests on cement flour obtained with standard ,air ihabelatie. Seniied tensile 
strength of 443 Ib. in standard mortar at 24 hr. and compressive strength of 4000 
lb in 1:2:4 concrete at 3 days. In more extensive tests on fractions obtained from 
Federal air separator, highest strengths were obtained with finest fractions. High 
lime gave most readily ground material, and flour from an aerated cement was much 
higher in loss and lower in strength than flour from freshly ground cement of similar 
composition.—J. C. P. 

seeenares of tricalcium aluminate ree dicalcium ferrite. D. L. SNapER 
Concrete, C. M. S., May, 1932, V. 40, No. 5, p. 65-67.—Characteristies of tricalcium 
pera are rise in temperature after adk iition of water, rapidity with which it 
takes on initial set, and increase in volume. Dicalcium ferrite requires at least 24.5% 
of its own weight of gauging water for normal consistency. Common checking 
cracking and breaking up of disintegrating concrete greatly resemble disintegration 
of dicaleium ferrite.—C. B. 

Physical properties of tricalcium and dicalcium silicates. D. L. SNaper. 
Concrete, C. M.S., April, 1932, V. 40, No. 4, p. 64-66.—Tricalcium silicate is slowest 
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of compounds in setting and hardening, and appears to be a valuable one even though 
it possesses characteristics of slow setting, low early compressive strength and slow 
increase in compressive strength with age.—C. B. 


Progress of cement research during 1931. C. R. PLatzMann. Zement (Ger- 
many), Apr. 7, 14, 1932, V. 21, No. 14, 15, p. 197-202, 213-8.—Regular progress 
report deals with: ail) Standard specifications for cement. (2) Testing of cement, 
cement analysis. ) Scientific cement research. (4) New cement plants and opera- 
tion. (5) aestias fee actions on cement: This includes effect of storage on cement 
strength, viscosity, action of carbon dioxide, admixtures, moisture, shrinkage and 
resistance to corrosion.—A. E. B 


The uncombined lime in o—< cement clinker. Gorrin anp G. Muss- 
GNuG. Zement (Germany), March 17, 31, 1932, V. 21, No. 11, 13, p. 145-8, 178-80. 
Close relationship exists between hid er Fae lime content and soundness; clinkers 
with uncombined lime up to 2% pass standard soundness tests. High uncombined 
lime is unfavorable for tensile strength. Up to 4.8% increases compressive strength 
slightly after 1 to 3 days. Degree of burning can be estimated from chemical com- 
position and uncombined lime content.—A. E. B. 


Dry quenching applied to the cement and lime industries. A. B. WouL.e. 
Rock Products, March 26, 1932. V.35, No. 6, p. 66-68.—No plants use dry quenching 
in cement and lime industry in United States. Method is to blow air (or inert gas if 
materials are oxydizable) through heated lumps and to recover heat by making steam 
with it or passing it through an interchanger to hear air. About 10% of total heat 
used is lost in cooling of clinker.—E. §. 


Multi-chamber mills with air separation for super fine cement. A. 1 
Hetpia. Cement and Cement Manuf. (England), Mar., 1932, V. 5, No. 3, p. 108-116 
—One-pass grinding method produces flakes in finishing compartment, coating of 
grinding media, high temperatures that interfere with setting properties, and excessive 
power costs. Test data show in general that finest ground cement from given clinker 
develops highest strength, although standard test methods are ill-adapted for bringing 
out full virtue of super fine cements. Large saving in grinding media and power 
results from air separating product when latter has reached a fineness of 15 to 30% 
residue on 4900 mesh sieve (Eng. St. No. 180).—J. C. P 


Grinding plant research. Part 2. Witiiam Giveert. Rock Products, Feb 
27, 1932, V. 35, No. 4, p. 27-31.—In first tests at 2 British cement works, mills were 
stopped with full load and sampled from end to end. Chart of sieve tests of these 
samples shows considerable portion of clinker disintegrates as soon as it enters mill; 
bad discharge arrangements kept ratio of material to voids in balls at 202%. In 
finishing mill, ratio of material to voids (86%) was satisfactory. Discharge slots in 
mills of second test kept ratio of materials to voids 112, 52 and 45% for 2 compart- 
ments and finishing mil], where mills could work efficiently.—E. 8 


Grinding plant research. Part 3. WitiiamM GitBert. Rock Products, March 
26, 1932, V. 35, No. 6, p. 32-35.— Reference curve obtained by grinding standard 
sand (20-30) mesh) in a laboratory mill (ordinates are % remaining on 180 mesh and 
abcissae are h. p.) is straight line down to 30% on 180 mesh, after which it flattens, 
as more power is used. After preliminary grinding of clinker, 20-30 mesh portion is 
sieved out and ground as standard sand was ground. From this test hardness is 
determined.—E. $ ; 


Steady improvement in Puce methods aids cement industry. /’:/ 
and Quarry, March 9, 1932, V. No. 12, p. 45-53.— Description of dry-process 
lant at Davenport, Calif. Hy he Cruz Portland Cement Co., one of largest on 
-acific Coast, with capacity of 14,000 bbl. per day. Only 12 of the 18 kilns are used 
—A. J. H. 

New cement burning process. Rock Products; March 12, 1932, V. 35, No. 5, 


. 42-46.—A detailed description of Lepo! process said to burn bb). cement with 45.2 
b. coal.—E. §8. 


Heat economy in the cement industry— 3. Hans BussmMbyer. Cement and 
Cement Manuf. (England), Apr., 1932, V. 5, No. 4, p. 183-143.—Results of kiln tests 
in the U. 8. and Germany show in general that heat losses as per cent of total heat 
used are much higher for dry than wet process. Clinker and cooler losses average 
about 4.5% of total heat, and kiln losses from 10 to 15%. Quantity of heat required 
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for evaporation of water in slurry amounts to 35 or 40% of total heat under average 
conditions.—J. C. P 


oan grate and rotary kiln gain fuel economy. TT. H. ArNotp. Con- 
crete, C. M.S., April, 1932, V. 40, No. 4, p. 53-56, No. 5, p. 51-56.—A recent European 
dev 2 she he aving several years of operating experience is combination of notary 
kiln with traveling sintering grate. Thermal principles are good and working of 
mechanical details very satisfactory. Process as now developed appears quite 
efficient in fuel. Special high-strength and high-early-stre ngth cements are now 
being made on this equipment at less cost than in America.—C. B. 


Electric dewatering of slurry under four-year test. Hrwitrr WILSON ANpD H. 
G. Wiucox. Concrete, C. M.S., April, 1932, V. 40, No. 4, p. 57-59, No. 5, p. 56-59. 

Principles involved in dewatering. by electricity, previous investigations, and 
requirements of a machine for dewatering slurry, are given. Report of investigation 
at Northwest Experiment Station of U. 8. Bureau of Mines is based on use of sodium 
carbonate and sodium silicate as reagents.—C. B. 


Notes on analytical procedure as applied to a cement laboratory. Don- 
ALD C. Paquet. Rock Products, March 12, 1932, V. 35, No. 5, p. 57-58.—A discussion 
of details some of which speed up work while other ‘rs insure greater accuracy than is 
usual with ordinary methods.—E. 8. 


The theory of cement formation. Rupo._r ZOLLINGER. Cement and Cement 
Manuf. (England), Feb., 1932, V. 5, No. 2, p. 67-71.—Hydraulic properties of cement 
originate in decomposition of silicates and aluminates supersaturated with lime, which 
lie between extremes of C;S and C;A on one hand, and CS and CA on other. In 
technical process of cement formation, natural silicates supersaturated with silicé 
are broken down and replaced by product supersaturated with CaO. Energy of 
decomposition of new compounds thus formed can then be converted into hydrau- 
licity. By means of ternary diagram it is shown how region of portland cements is 
restricted to narrow limits with respect to compound composition, and gives chemi- 
cal compositions of cement represented by various points in neighborhood of this 
region.—J.C. P. 


Fineness and sieving of peters cement. A.C. Davis. Cement and Cement 
Manuf. (England), Feb. 1932, V. 5, No. 2, p. 72-80. Advantages of high fineness 
in cement are reviewed, and Rented requirements of the British Std. Specification, 
which limit residue on a Std. No. 170 sieve to 10%, are quoted. This small fraction 
fails to indicate quantity of ‘flour’ in product, knowledge of which is of more im- 
portance in meeting present-day demands than merely that cement passes specifica- 
tions. To this end “Standard Elutriator’”’ is being used, in which particles of cement 
fine enough to be carried away in vertical air current having velocity of 21 ft. per 
min. are designated as “‘flour.”’ Fineness tests with device on 16 samples of cement 
showed percentages of flour varying from 55 to 78.—J. C. P 

Materials for —- foundations. Curt Prurssinc. Zement (Germany) 
March 10, 1932, V. 21, No. 10, p. 140-1.—Brief description of advantages of blast 
furnace slag ceme nt (Erzze ment) and high alumina cement for certain types of 
concrete foundations illustrates their relative durability in aggressive ground waters. 

A. E. I] 

Effect of storage on the strength of portland cement. L. R. Davires-Gra- 
HAM. Rock Products, March 12, 1932, V. 35, No. 5, p. 56-57.—Author stored cement 
in laboratory air, over water bath and in tightly closed bottle, testing at 7,21 and 
35 days. Free lime was 1.4% originally but decreased to zero in 35 days in all samples 
including that in sealed bottle. Test details and results are given in tables and 
graphs.-—E. 8. 

Manganese steels for cement mill equipment subjected to great wear. 

’. Borcuers. Zement (Germany), Mar. 24, 1932, V. 21, No. 12, p. 166-7.—In 
study of materials for construction of machinery for cement industry with special 
consideration of wear due to abrasion, friction and shock, favorable properties of 
manganese steels are pointed out.—A. E. B 

Report of the 55th main meeting of the Society of German Portland 
Cement Manufacturers. TJ'onind. Ztg. (Germany), Apr. 4, 11, 1932, V. 21, No. 28, 
30, p. 369-72, 397-9.—Reviews of papers presented: (1) Reaction between CaO and 
SiO», AlO; and Fe,O; in burning portland cement raw mixture, by Hae germann. 
(2) Heat technical basis of cement burning, by Eitel. (3) Hydraulic hs ve ning as 
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surface reaction, by Kihl. (4) Water combination in cement, by Nacken. (5) 
Sieve curves and fineness modulus, by Hummel. (6) Development of pneumatic 
transportation and mixing in cement plants, by Goslich.—A. E. B. 


German standard specifications for portland, eisen-portland and blast 
furnace slag cement. Zement (Germany), Apr. 21, 1932, V. 21, No. 16, p. 230. 
—Tentative German standard specifications (cf. Zement (Germany), Spet. 18, 25, 
1930, V. 19, No. 38-39, p. 890-9, 915-9; JourNaL A. C. I., Dec. 1930, V. 2, No. 4, 
Abstracts, p. 100) were recently approved and accepted with certain changes. 
Strengths after 3 and 7 days and after 28 days combination water-air storage are to 
be determined. Cement must pass boiling test after being spread out in 2-in. layer 
for 3 days.—A. E. B. 


New British cement standard specifications. Zement (Germany), Mar. 31, 
1932, V. 21, No. 13, p. 177-8.—Changes proposed by British Engineering Standards 
Association are listed. Several sieve standards are changed.—A. E. B. 

Italian cements and American cements. I. VaNpone. Le Strade (Italy), 
Jan., 1932, Vol. 14, No. 1, p. 10-12.—Comparison between strengths of Italian and 
American cements and test methods shows cement tests differ in (1) water used in 
mix (less for Italian than American) (2) Italian standard sand is coarser (3) Italian 
briquette has smaller cross section (4) Italian compaction is greater in making speci- 
mens. Comparative tests showed Italian standard method to give mortar strengths 
at 7 days 1.54 times and at 28 days 1.62 times greater than A. 8S. T. M. methods. 
American standard portland cement is equal to best of Italian cements.—C. G. C. and 


M. N.C. 


Economy of electric operation for quarry loading and haulage. Concrete. C. 
M.S. April, 1932, V. 40, No. 4, p. 67-68.—Cost figures show Trinity Portland Cement 
Co. electric system at Fort Worth, Texas, plant has marked advantage over steam 
shovels and locomotives at Dallas.—C. B. 


Cement producer in California quarries stone by glory-hole method. 
L. R. Davis. Pit and Quarry, March 23, 1932, V. 23, No. 13, p. 14-18, 21.—Quarry 
superintendent details practices of the Santa Cruz Portland Cement Co. in working 
its limestone deposit, 3 miles from its mill, by methods adapted from metal mining. 
—A. J. H. 


The cement industry in Mexico. Pit and Quarry, March ®), i932, V. 23, No. 12, 
. 39-42.— Discusses the 7 plants in entire republic their market situation, productions, 
fooal prices, shipping charges, and their handicaps on American cement.-—A. J. H. 


Green Island cement works, Hong Kong. Henry Pootey, Jr. Cement and 
Cement Manuf. (England), March, 1932, V. 5, No. 3, p. 89-90.—Describes tests of 
wer and coal consumption at this new plant (operations started Sept. 1931). 


~ ©. PB. 


The portland cement industry in Spain. Aprian Maraarir. Cement and 
Cement Manuf. (England), March, 1932, V.5, No. 3, p. 97-98.—Under present con- 
ditions consumption of cement in Spain is about one-half production capacity of 
2,500,000 tons. Through quota scheme each manufacturer is assigned a percentage 
of cement orders throughout Peninsula. Selling prices are not controlled, but by 
arrangement those who exceed their quota compensate those who have not reached 
it. Export business now of little importance, is developing in African and American 
markets.—J. C. P. 


Water transportation a vital factor in rock products industry. Rock 
Products, March 12, 1932, V. 35, No. 5, p. 33-35. Development of Illinois waterways 
is having profound influence on bulk shipments of cement and aggregates, 78% of 
area and 86% of population being within trucking distance of navigable waters.—_E. 8 

The manufacture of portland cement. Part 1. E. 8. Hurron. Rock Pro- 
ducts, March “>, 3932, V. 35, No. 6, p. 18-19.—First of 5-part series deals with cement 
manufacture in a broad way, discussing changeable and unchangeable factors of an 
organization and obligations of producer, or intending producer.-E. 8. 


MISCELLANEOUS 


Waterproofing against ground water. J. Scuuirze. Wm. Ernst & Sohn, 
Berlin, 1931. Reviewed in Beton u. Eisen (Germany), Jan. 5, 1932.—In this revised 
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edition of accepted work, phases in which marked progress has been made have been 
more extensively treated. This applies especially to chemical methods and use of 
asphalt.—A. A. B. 
PROPERTIES OF CONCRETE 

Plastic deformations in concrete. Beton u. Eisen (Germany), Feb. 5, 1932, V. 

, Heft 3.—As causes for increasing deflection in plates are cited: Increased crack- 
ing in tension zone, weakening of bond between concrete and steel, difference in 
shrinkage at upper and lower plate surfaces, increasing, permanent compressive 
deformation at upper surface. First is considered most important. Low design 
stress, high strength cement, rich mix, long wet curing, and delay in moving forms 
and applying loads are recommended to reduce plastic deformation. Redistribution 
of load between steel and concrete in columns and effect of repeated loading of beams 
is briefly considered.—A. A. B 


Fundamental principles for rational composition of concrete. WILHELM 
von Mena. 1932, Zementverlag, G.m.b.H., Berlin, Germany. Reviewed in Zement 
(Germany), Apr. 14, 1932, V. 21, ag 15, p. 223.—Book deals with: (1) Quality of 
individual concrete constituents. ) Best composition of concrete considering com- 
pressive and tensile strength and a ity. (3) Best composition of concrete con- 
sidering remaining properties. (4) Effect of ieee on quality of concrete. (5) 
Critical valuation of several publications dealing with this problem and conclusions. 

A. E. B. 

Concrete impervious to water. ScHIENER. Deutsch. Wasserwirtschaft (Ger- 
many), 1931, No. 11-12, 6 p.—Means for protection of concrete against action of 
water are listed (coatings, working, increasing of density) as well as application of 
admixtures and waterproofing agents.—A. E. B 

Well agitated concrete is as strong as steel. Bauztg. Stuttgart (Germany), 
1932, No. 3, 3 p.—Improvement of concrete quality and strength by certain methods 
of agitation is pointed out describing such me tthods (electric ity, compressed air) and 
necessary equipment, their application, advantages and disadvantages.—A. E 


Experiments with mortar and concrete stored in aggressive solutions. 
Otto GraFr. Bautenschutz (Germany), Jan. 5, 1932, V. 3, No. 1, p. 8-10.—Value of 
cement for mortar and concrete depends upon chemical composition and a number 
of physical properties such as: mixing and working, grain composition of aggregate, 
ete. Effect of aggressive solutions and factors which govern disintegration process 
are illustrated.— A. E. B. 

Developments in the practice of concrete and reinforced concrete con- 
struction. E. Propst. Bauingenieur (Germany), Jan. 1, 1932, V. 13, No. 1-2, p. 
18-20.—Changes and improvements of concreting methods and working of concretes 
with different consistencies affect strength, density, water permeability and relia- 
bility of tamped concrete. Special consideration is given to poured concrete, its 
preparation, adv: at ges, transportation, effect of w/c ratio, composition of aggregates 
and sieve curves—A. E. B. 

Strength of concrete. F. Empercer. Beton u. Eisen (Germany), Jan. 5, 1932, 
V. 31, Heft 1, p. 4.—Relation between cube strength and strength of concrete in 
columns and beams, and allowable stress and resulting factor of safety are considered. 
Reliability of job control is factor in determining strengths to be specified. Advan- 
tages of progress in concrete strengths have not been applied to actual construction 
due to restrictive regulations. Adequate control would render unnecessary these 
hampering regulations.— A. A. B 


The behavior of concrete pavements in the community of Milano. ALpo 
DiRENzo. Le Strade (Italy), Deec., 1931, V. 14, No. 12, p. 362-369.—Of concrete 
pavements built in Milano during last 3 yrs., only first section laid in 1929 shows 
cracking. This section was made up of 2 kinds of siabs. Normal slab was half-road 
width and one layer; special for crossings was two-layer full road width, upper layer 
made of special concrete of high cement content and without sand. The 256 normal 
slabs showed 14% with cracks, 32 special showed 65% with cracks.—C. G. C. and 


a OF 


The deterioration of structures in sea water. Engineering (England), Jan. 8, 
1932, V. 133, No. 3443, p. 33.—The last interim report of a Committee of the Institu- 
tion of C. E. refers to concrete studies: Similar sets of reinforced concrete piles 
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exposed to sea water at Sheerness and at Watford were inspected after exposures up 
to 23 mo. No serious changes have taken place. Trowelled surfaces below water 
line are affected more than other surfaces. Effect was more pronounced on lean 
mixtures. Concretes made with rapid hardening cement showed creamy deposit 
below water level and cylinders of lean mixtures became mushy at base. Addition 
of trass appears beneficial. Inspection of reinforced blocks exposed at Brisbane since 
1917 indicated 1%-in. of 1:2 mortar protected steel from corrosion. Coatings of tar 
offered no advantage.—G. M. W. 

Cell concrete for water pipe insulation. Canadian Eng., Dec. 15, 1931, V. 61, 
No. 24, p. 17.—Cell concrete is cellular material made from cement, sand and water. 
Cellular structure is obtained by mixing cement-sand mortar or neat cement mortar 
with foam in concrete mixer with specially constructed blades. The foam, mixed in a 
special machine is blown into the mixer by compressed air. Cell concrete varies in 
weight from 14 to 140 lb. per cu. ft. and its strength, heat and sound insulating pro- 
perties vary considerably. The compressive strength of 15-lb. cell concrete was 28 
p.s.i.; 85-lb. cell concrete 81.3 p.s.i. Insulative value of 1.4 in. of 18-lb. cell concrete 
same as 3.6 in. crossed grain timber, 13.5 in. brick or 17.5 in. cinder concrete. Cell 
concrete weighing 45 and 55 lb. cu. ft. had coefficients of sound absorption of .35 
about same as for acoustic plasters.—G. M. W. 

Porous light-weight concrete ‘‘Schima’’ (Gasokret). Schweiz. Bautzg. 
(Switzerland), Mar. 12, 1932, V. 99, No. 11, p. 141.—Admixture of calcium alloy 
to usual dry cement-sand mixture liberates, when mixed with water, a harmless gas 
which produces porous concrete easily poured in forms for slabs and beams. It is 
specially suitable for monolithic construction of smaller dwelling houses. Forms must 
be gas-tight. Compressive strength, heat and sound insulating properties and 
mechanical properties are noted.—A. E. B 

Haircracks in cement mortar and concrete. C. R. PLatzMAnn. Baumarkt 
(Germany), 1932, No. 2, 2 p.—Article deals with reactions of water which penetrates 
into cement mortar and concrete structures; it illustrates absorption phenomena, 
disintegrating action of water and causes for formation of fine and larger cracks.— 
A. E. B. 

Old reinforced concrete structures below and above ground level. Wu- 
HELM Petry. Zement (Germany), Mar. 31, 1932, V. 21, No. 13, p. 183-6.—(1) In 
examination of coal bin with 493 ft. connecting bridge and coke Seadian platform 
built in 1904 at temperatures generally below freezing, no damage was observed after 
27 yr. (2) Condition of r. c. mine shaft, built in 1905, is still very good. (3) In quay 
wall in harbor of Neuss built in 1910, none of beams, slabs or piles shows any 
damage. (4) Frame of subway in railroad station supporting 4 tracks, is in satisfac- 
tory condition after 25 yr. (5) In quay wall consisting of 33-ft. r. c. piles with r. ec. 
slabs and anchorage, concrete and reinforcing are in good condition after 30 yr. 
(6) Harbor wall in Schwelgern (Germany) is satisfactory after 27 yr.—A. E. B. 


ENGINEERING DESIGN 
BRIDGES 


Construction of arch bridges. EuGenio Kiemperc. Ingeneria (Mexico), 
Oct., 1931, V. 5, No. 10, p. 345-347.—Conclusion of articles on arch bridges giving 
details of construction and design of hinges at abutments and crown. Oscillating, 
roller, pin and plate (lead and arch) types of hinges are illustrated and design formu- 
las given.—C. G. C. and M. N. C. 

Computation of bridges. Eugenio Kiemperac. IJngeneria (Mexico), V. 5, 
No. 7, p. 248-257.—Continuation of previous article gives details of design of arch 
bridges, with graphical methods of determining arch axis for uniform loading. Rules 
are given for case of moving loads. Complete instructions cover determination of 
stresses at any section, at abutments and in foundations if of piles.—C. G. C. and 

Survey of expansion-joint practice in reinforced concrete arch bridges. 
Exumer K. Timpy. Eng. News Record, March 17, 1932, V. 108, No. 11, p. 392.—To 
obtain index of current practice in design of r. c. arch bridges where + ode load is 
transferred to arch by spandrel columns or by transverse spandrel walls, a question- 
naire was sent to each state highway department in United States. Results of 36 
replies received are presented in tabular form.—D. E. L. 
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Simplified calculation of statically indeterminate bridges. G. G. Krivo- 
SHEIN. 1930, Prague, Czecho Slovakia, 290 p. Reviewed in Bautechnik (Germany)- 
Mar. 18, 1932, V. 10, No. 13, p. 172.—Directions for calculation of single and multiple 
statically indeterminate bridge systems. Outstanding structures are mathematically 
analyzed and results discussed. Book explains application of elasticity theory, dead 
and live load, consumption of structural materials and construction costs.—A. E. B. 

Italian reinforcd concrete bridgees. L. SANTARELLA AND E. Muiozzi, 1932, 
Ulrico Hoepli, Milano, Italy, 2nd edition, 339 pages. Reviewed in Bautechnik (Ger- 
many), Mar. 18, 1932, V. 10, No. 13, p. 178.—Book describes 31 Italian r. c. bridges 
including 9 girder bridges (simple, cantilevered and continuous girders), distinguished 
by remarkable designs. Among r. c. arch bridges with great spans are railroad 
bridge over San Bernardino in Intra, bridge over river Adda for highway Milano, 
and highway bridge over Piave R. near Belluno. Static calculations are reported and 
results of load experiments presented.—A. E. B. 


Bridging Genesee gorge with concrete arches. FranK P. McKisBen AnD 
RicHARD DE Cuarms. Eng. News Record, April 7, 1932, V. 108, No. 14, p. 507-510.— 
New Ridge road bridge connecting 2 sections of Rochester, N. Y., across deep gorge 
of Genesee River, one of largest r. c. structures recently completed, consists of 7 
semi-circular arches faced with granite, and presents appearance of ancient Roman 
bridge. Main arch has span of 300 ft. and carries 60-ft. roadway 171 ft. above river. 
Structural features are et) separate foundations for each of 4 ribs, (2) cantilever 
portion of each outside rib foundation that carries triangular buttress at either end of 
each abutment, and (3) special expansion joints at intervals of 50 ft. that divide 
bridge superstructure into entirely separate units.—D. E. L. 


Reconstruction of the Sophien bridge in Bamberg, Germany. Zement 
(Germany), Mar. 31, 1932, V. 21, No. 13, p. 190-1.—One of largest r. c. girder bridges 
in Germany, with 3 spans, 94.5, 148 and 94.5 ft., rests on 2 shore abutments and 2 
river piers; 2 hinges in center span; cantilevered parts are 34.4 ft. each and middle 
section is 78.7 ft. long. Roadway 29.5 ft. wide and two 7.4-ft. walks are supported by 
4 parallel longitudinal beams, spaced at 10.5 ft. Longitudinal beams are connected 
by transverse r. c. frames.—A. E. B 

A bridge on the North Orbital road, near St. Albans. W.W. Davis. Cone. 
Constr. Eng. (England), March, 1932, V. 27, No. 3, p. 150-55.—Bridge 70 ft. wide 
consists of three 261¢-ft. spans. (1) Restricted space between lines of railway traffic 
necessitated type of pier occupying smallest width consistent with strength. (2) 
Considerations affecting levels and line of road necessitated min. height of beams 
above rail-level. (3) Restricted bearing area of central piers resulted in beams 
designed as freely supported. (4) Mass concrete abutments and straight-back wing 
walls were provided, expansion and contraction of beams being allowed for by mild- 
steel plate bearings at abutment ends. (5) From aesthetic point of view chief aim 
was to accentuate in elevation contrast between mass construction of abutments and 
slender proportions of center piers. Details of design given.—J. M. 

A unique three-span rigid-frame bridge. J. W. Bererra. Civil Eng., May, 
1932, V. 2, No. 5, p. 309-311.—-First 3-span, rib-type, rigid-frame bridge built is that 
across Comal R. New Braunfels, Texas. It is on 20-deg. skew; has center span 82 ft. 
with side spans 41 ft. each; over-all width 31 ft. includes 20-ft. roadway and 2 side- 
walks. To reduce dead-load stresses, light rib-type construction was selected and 
concrete with ultimate 28-day strength of 3,000 p.s.i. specified. Negative bending 
moments are resisted by soffit slabs added bonsntlh ribs for short distance each way 
from piers.—D. E. L. 
BUILDINGS 


First skyscraper in Budapest. H.Szexety. Beton u. Eisen (Germany), Feb. 
5, 1932, V. 31, Heft 3, p. 37-42.—Addition to Insurance Administration Bldg. con- 
sists of a 6-story building with an 18-story tower, all of r.c. Tower is 59 ft. square 
founded on 3 pneumatic r. c. caissons, sunk to 40 ft. below grade. The framing at the 
tower setbacks is of interest. At some points, r. ¢. exterior walls act as beams.— 
A. A. B. 

National water sport hall in Budapest. J. Gerarty. Beton u. Eisen (Ger- 
many), March 5, 1932, V. 31, Heft 5, p. 69-75.— Description of soil bearing tests and 
structural features of largest water sport hall on continent. Pool is 60 x 110 ft.; roof 
is carried by 3-hinged r. c. arches 100-ft. span and 30-ft. rise. As part of bearing 
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test 1/10 scale model of one arch section was loaded and vertical and lateral move- 
ments of abutments observed.—A. A. B. 


Lamp factory in Budapest. B. Enyepi. Beton u. Eisen (Germany), Feb. 20, 
1932, V. 31, Heft 4, P. 53-59.—Plant for manufacture of electric light bulbs is 550 ft. by 
72 ft., 4 floors and basement. The flat slab (two-way) floors are supported at exterior 
walls ‘by wall beams and in center by 2 columns which divide width of building into 
2 exterior bays at 30 ft. and center at 10 ft. Two center columns have common drop 
panel. Auxiliary building for manufacture of glass is 207 x 333 ft. divided into 
several units.—A. A. B. 


Long one-way slabs used in building design. Cuarvtes T. Hamivton. Eng. 
News Record, March 10, 1932, V. 108, No. 10, p. 364.—Long-span, one-way, r. ¢. 
floor slabs were used in 9 small buildings recently constructed in British C olumbia 
Classrooms of St. Louis College, Victoria, B. C., have cle sar span 24 ft. 4 in. and floors 
are solid slab type, 101% in. thick reinforced with 7 g-in. round bars at 61% in. centers. 
Warehouse for Barber-Ellis, Ltd., at Vancouver, B. C., has similar construction. 
D. E. L. 

Light floor combines gypsum blocks and concrete slab. Henry J. ScHweio. 
Eng. News Record, April 7, 1932, V. 108, No. 14, p. 506.— New type of floor employing 
combination of precast gypsum units and poured-in-place concrete was introduced 
in 4-story addition to Maurice L. Rothschild Building in Chicago. Floor is of hollow 
precast gypsum blocks that span between floor beams and act as permanent form for 
concrete slab. Advantages: lower surface of blocks forms level ceiling; no falsework is 
required; upper surface of blocks provides working deck on which all trades m: iy pro- 
ceed without delay.—D. E. L. 

Shallow concrete floor developed for a a —eO Viral. L. Joun- 
son. Eng. News Record, March 17, 1932, V. 108, No. 11, p. 390.—Novel concrete 
joist floor with maximum downward projection of 9 in. - po none in Philadelphia 
school buildings, eliminates necessity for deep girders. Floor is 2!4-in. slab supported 
on joists 64% in. deep by 5% in. wide 26 in. o. ¢. Joists span entire classroom, over 
30 times their depth.—D. E. L. 

Bending and torsion in horizontally curved beams. [. E. Ostrersitom, J. 
Am. Conc. Inst., May, 1932, V. 3, No. 9, Proc. V. 28, p. 597-606.—The purpose of 
this article is to develop the necessary equ: itions and to extract from them all essential 
data needed for purposes of analysis or design of horizontally curved beams as fre- 
quently used in building construction. Assuming case of complete fixity of end 
supports and also uniform loading, covering the major part of problems actually 
occurring in practice, simple equations of general character are developed. Typical 
graphs and tables are included.—D. F. J. 


MisCELLANEOUS 


Nomogram for calculating and testing of circular reinforced concrete 
cross-sections. Bruscui. Cemento armato (Italy), 1931, No. 11, 6 p.-Numerous 
curves and tables facilitate calculation of r. c. "OE and ring-shaped members, 
considering longitudinal stresses and bending.—A. E. 

Calculation of continuous beams with ch moment of inertia. A. J. 
AsHDOWN, Conc. Constr. Eng. (England), March, 1932, V. 27, No. 3, p. 154-165. 
Method is given for calculation of moments and influence lines for moments in con- 
tinuous beams of variable moment of inertia. Moment-area method resulting from 
Mohr’s theorm is stated algebriacally and applied to continuous beams. Method of 
solution is illustrated and simplified by arranging solution of resulting equations in 
— Example is given and influence lines are drawn for moment at supports. 

Nomogram for calculating the effective depth d of simple T-beams. 
JORGE QuisANO. Ingeneriea (Mexico), Nov., 1931, V. 5, No. 11.—An alignment chart 


. . . . . . ” 
for calculating effective depth d of a simple T-beam, no compression in stem, gives f 


e 


M 
t, band M. Left seale 4 and f. center scale ¢ and bi and right scale d, all in metric 


units. Examples of use given.—C. G. C. and M. N. C. 


Nomogram for designing simple rectangular beams and slabs. Jorce 
Quiyano. Ingenieria (Mexico), Oct., 1931, V. 5, No. 10, p. 360-1.-A nomographic 
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chart for designing reinforced concrete beams or slabs having given any 2 oi variables 


f 


, M. i ; M : 
, P,dand = Left scale f and P, middle scale ; and right seale d, all in metre 
‘units. Examples of use given.—C. G. C. and M. N. C. 


Nomogram for designing slabs with desired stress limits. Jorge QUIJANO. 
Ingenieria (Mexico), Oct., 1931, V. 5, No. 10, p. 356-7..-A nomographie chart for 
os ae : ; : B M. 
designing reinforced concrete slabs having given any 2 of variables 7 _- 60 >. 


f.? 


f, | M 3 : ee gute 
Left scale“; and P, middle scale > and right scale d, all in metric units. Examples 
of use given.—C. G. C. and M. N.C. 


New tables for design of reinforced concrete slabs. Jacki. Bauwelt. (Ger- 
many), 1932, No. 3,2 p.— Numerous tables are presented which facilitate calculation 
of r. ce. slabs. Deriviation of formulae is explained and examples show application. 

A. E. B. 

Static investigation of square reinforced concrete slabs, elastically fixed 
at all sides. M. Rirrer. Schweiz. Bauztg. (Switzerland), Mar. 12, 1932, V. 99, 
No. 11, p. 131-5.—Efforts are made to derive a more accurate computation based 
upon elasticity and slab theories. Calculations are presented for uniformly dis- 
tributed loads. Article discusses: elastically fixed r. c. beams, strip method, funda- 
mental principles of slab theory, application for square slab and load distribution. 


Moment charts for continuous beams. QO. Bretick. Beton u. Eisen (Ger- 
many), Feb. 5, 1932, V. 31, Heft 3, p. 45-46.—A guide to construction of graphical 
charts for moment computations for continuous beams of equal spans, with reference 
to articles by G. Mensch, Loeser and Klagas.—A. A. B. 

Plates under flexure on elastic foundation. C. Burvtzinc. Beton u. Eisen 
(Germany), Feb. 5, 1932, V. 31, Heft 3, p. 46-48.—Beginning with differential 
equation of elastic line, moments in plates, supported at all points on an elastic 
material and loaded at center and at two ends, are studied and expressions derived. 
Four graphs and 4 sketches illustrate derivations. Reference made to publications 
by Keiichi Hayashi, Pasternak and Fritz.—A. A. B. 

Loading experiments with a rib-ceiling to determine side distribution of a 
single load. GENEL. Cemento armato (Italy), 1931, No. 11, 6 p.—Results of 
experiments, purpose and arrangement of test with a r. c. rib-ceiling are presented 
showing their movement and deflection. Effect of various loads at different points 
and occuring stresses were analyzed. Comparisons are made with similar flat-slab 
members like road slabs.— A. E. B. 

New construction methods. Siepier. Bauwelt (Germany), 1931, No. 42, 45, 
46, 47, 50, 51, 18 p.— Detailed discussion of various ceiling designs and construction 
methods illustrates requirements of ceiling: bearing capacity, heat and sound insula- 
tion. Types of concrete and r. ec. ceilings (flat slab, rib ceilings, mushroom ceilings 
and special constructions) are compared.—A. E. B. 

Modern grain mill near Simonetta, Italy. Cemento armato (Italy), 1931, No. 
10, 6 p.—-Description of r. ¢. grain mill and silos stresses design of structural mem- 
bers, static calculations, construction progress and arrangement of plant.—E. A. B. 

The development of the reinforced concrete chimney. K. DeEININGER. 
1932, Konrad Wittwer, Stuttgart, Germany. Reviewed in Zement (Germany), 
Mar. 31, 1932, V. 21, No. 13, p. 191.—-Various construction methods for concrete 
stacks are: precast blocks, precast rings and monolithic method. Special considera- 
tion is given to Heine system. Heat transfer, static considerations, heat stresses, 
insulation and swaying of structures are discussed..A. E. B. 

Design and construction of concrete irrigation pipe lines. W. A. Scorr. 
Concrete Products, March, 1932, V. 41, No. 3, p. 29.—Use of concrete pipe and design, 
construction and operation of concrete pipe irrigation lines is reported by California 
Associated Concrete Pipe Manufacturers.—H. O. H. 

Thin concrete shells for domes and barrel-vault roofs. Eng. News-Record, 
April 14, 1932, V. 108, No. 15, p. 537-538.—-Thin concrete shell design for domes and 
barrel-vault roofs, in which beam action is substituted for arch action, applied exten- 
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sively in Europe, is to be introduced in this country. In arch or vault barrel with 
uniform thickness and closed by end diaphragms, action is that of freely supported 
beam with large moment of inertia. Purpose of this shell design has been to overcome 
disadvantage of concrete for long spans due to rapid increase of dead weight with 
length of span. In new shell design thin slab becomes fundamental part of self- 
supporting construction free from undesirable properties of arch. Thin shell stiffened 
by ribs becomes capable of supporting loads. Thin curved concrete plate is given 
load-carrying capacity by providing it with stiffening ribs. Distribution of internal 
stress has been checked by experiments with large models and by observations on 
existing structures.—D. E. L. 


Reinforced concrete ~~ in Vienna. R. Sariger aNp F. BARAVALLE. 
Beton u. Eisen (Germany), Jan. 20, 1932, V. 31, Heft 2, p. 21-24.—-New Municipal 
stadium at Vienna is elliptical in plan with a major and minor outer diameters of 
790 and 615 ft. Width of stand is 96 ft. and highest seats are 47 ft. above playing 
field. Supporting structure consists of frames with 4 vertical legs, one sloping top 
member and one horizontal member at about 14 height. Design load was 80 p.s.t. 
Uniform load in test was 130 p.s.f. Stamping in unison yielded deflections equiv: alent 
to uniform load of 220 p.s.f. No cracks were observed under this loading.—<A. A. B. 


Two reinforced concrete elevator towers in Alsace, France. E. T. ZeEHME. 
Bauingenieur (Germany), Jan. 1, 1932, V. 13, No. 1-2, p. 32.—Elevator tower struc- 
tures of French potash mines have unusual design. Two front supports have rect- 
angular cross-section, without horizontal members; 2 inclined supports in back, 55 ft. 
apart at base, have T-shaped cross-section and are connected by 3 horizontal r. c. 
beams. All supports are erected upon r. c. frame foundation.—A. E. B. 

Nomogram for computing the shearing stress in ee concrete 
foundations. JorGe QuiGANo. Ingenieria (Mexico), July, 1931, V. 5, No. 7, p. 
236-237.— Alignment chart for solution of relation (p—f) (I- d) = = bjdv, with examples 
of use. p is unit pressure on foundation materials, f weight of concrete footing on 
same unit area, | length of overhang of footing, d depth of footing to steel, b width of 
footing and v shearing unit stress all in metric units.—-C. G. C. and M. N.C. 


Questions concerning the foundations of superstructures, reinforced 
concrete as an aid for reconstruction jobs. Luz Davin. Zement (Germany), 
Fe nae 24, 1932, V. 21, No. 12, p. 168-172.—Study of several foundation methods and 

s shows effect of pile cross-section upon bearing capacity of sand soils. Study 
3 chemical nature of ground water indicates magnesium and sodium sulphates are 
especially dangerous. Effect of vibration upon physical properties of soil must be 
determined.—A. E. B. 


The proposed new Swiss regulations for reinforced concrete structures. 
R. Maiwuart. Schweiz. Bauztg. (Switzerland), Jan. 30, 1932, V. 99, No. 5, p. 55-9.— 
Tentative regulations are submitted for open discussion. Uniform ultimate stresses 
are provided for all r. ¢. structures; taking into consideration temperature and 
shrinkage. New specifications are established for resistance of concrete against 
freezing and thawing. Relation between strength of concrete prisms and cubes is 
discussed. Calculation methods for various cross-sections of r. c. members are 
explained.—A. E. B 

Growth of hydro service in Ontario. Canadian Eng., Dec. 8, 1931, V. 61, No. 
23, p. 7.—Report of Ontario Hydro Electric Commission for 1930 illustrates the con- 
struction of concrete envelope around wood stave conduit 13 ft. 6 in. in diameter 
built as an emergency in 1918. Concrete has min. thickness of 15 in. reinforced with 
2 circumferential rings of plain round bars designed to carry full water pressure. 
eee steel was supplied to care for maximum temperature stresses.—G. M. 


Co-ordination of basic principles of concrete mixtures. Jos. A. Kuirrs 
Concrete, May, 1932, V. 40, No. 5, p. 7-9.—Coordination of various basic principles 
advanced by workers in concrete research begin with definition and explanation of 
importance of absolute volume.—C. B. 

Mixes for concrete and their strength. W. Vieser. IJngenieria (Mexico), 
August, 1931, V. 5, No. 8, p. 296-298.—-Work of Fuller, Abrams, Talbot, Graf, 
Bolomey and Swiss Commission on Dams relating to effect of various factors on 
strength of concrete is reviewed in general. Professor Gehler of Germany and others 
claim their work shows no simple relation between strength and w c ratio claimed by 
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Abrams and others. Formula of Bolomey is recommended as simple and exact. 
Important fac — in concrete mixture design include total surface area of aggregates 
and voids.—C. G. C. and M. N. 

Advantages in the use of high strength concretes. Tuomas T. Tow.es. J. 
Am. Conc. Inst., May 1932, V.3, No{9, Proc. V. 28, p. 607-12.—In arch construction 
concrete fulfills most completely its function of carrying load by compression of 
structural members. For same proportions in arch ring and for same loading per 
ft. on arch rib it would be possible with 1750-lb. concrete to construct span with 
same weight per ft. in arch rib 214 times as long as with 750-lb. Marked advantages 
from standpoint of cost would result from use of high strength concretes for designs 
involving multiple arch spans. For beam construction, striking advantages of high 
strength concrete lie in long span construction. For exposed structures and for 
structures of long span or subject to unusual stress consideration should be given 
to recommendation for concrete of 28-day strength of not less than 4000 lb. justified 
from standpoint of permanence and economy.—D. F 


ROADS AND PAVEMENTS 


New researches on the resistance of concrete to rolling abrasion. I. 
VaNnDONE. Le Strade (Italy), Oct., 1931, V. 13, No. 10, p. 304-8309.—Tests made with 
machine to simulate action of metal tired wheels on concrete roads provided data 
on 2 mixtures and 3 w/c ratios for each. Tests included compression, cross bending, 
modulus of elasticity and abrasion. Conclusion is that more fluid mixtures, (higher 
w/c ratios) have greater effect on compression and cross bending strength than on 
rolling abrasive strength.—C. G. C. and M. N. C. 

Warer Works 

Reinforced concrete water towers. Bauzig. Stuttgart (Germany), 1932, No. 
2,4p.—Three r. c. water towers of new design in Stara Zagora, Stoopenberg and 
Freiburg i. Br., Germany are described.—A. E. B. 

Reinforced concrete water tower. P. Hirt. Beton u. Eisen (Germany), Feb. 
5, 1932, V. 31, Heft 3, p. 42-45.—In reconstruction of water supply facilities of Weiss- 
wasser, new r. c. water tower was built, completely enclosing original steel and masonry 
tower extending 118 ft. above and 6.5 ft. below grade. Tank is 47 ft. in diam. Bot- 
tom consists of 3 r. c. dome with thickness varying from 9.5 in. at crown to 13.5 in. at 
springing. Tank walls are 5 in. thick at top and 14 in. at bottom.—A. A. B. 

Purification plant for potable water. ‘1qureL Jinicu. IJngeneria (Mexico), 
V. 5, No. 7, p. 238-42, 265-6.—Conclusion of previous article gives design in detail of 
water purification plant for assumed conditions. Calculations include pipe size for 


filters, ae ) and storage reservoirs of r. c. Usual assumptions are used.—C. G. C 
and M. 


ARCHITECTURAL DESIGN 

Builds attractive low cost home of concrete masonry. Concrete Products. 
April, 1932, V. 41, No. 4, p. 18.—-A concrete masonry house built for approximately 
$4,000 is described with floor plans and exterior views.—H. O. H 

What—-use concrete blocks for my $100,000 home? Concreie Products, April, 
1932, V. 41, No. 4, p. 9-11.—Opportunities for architectural treatment of an 8 x 8 x 
16-in. standard concrete block are described and illustrated.—H. O. H. 

Residence of Prof. O. R. Salvisberg architect, in Zurich, Switzerland. 
A. Wickart. Schweiz. Bauztg. (Switzerland), Mar. 26, 1932, V. 99, No. 13, p. 160-71. 

Modern beautiful residence is pure monolithic r. c. building erected upon mountain 
slope and on very bad underground. Entire building rests on 8 r. c. column founda- 
tions with enlarged footings. All walls are of r. c. 7 to 10 in. thick. Exterior walls 
are insulated with 4.7-in. layer of pumice concrete. Two cantilevered balconies and 
r. c. retaining wall are special features.—A. E. B. 

Manufacturer and architect talk about concrete ashlar units. Henry 
Bucnunoiz. Concrete Products, Jan., 1932, V. 41, No. 1, p. 16-18.—Simple patterns 
for concrete ashlar construction require minimum number of various sizes of units 
to obtain attractive and economical construction. These patterns are presented, 
stating required number of various sizes of units.—H. O. H. 

The Swiss Library in Bern, Switzerland. A. Orscucer, J. Kaur + AND 
K. Hostettier. Schweiz. Bauztg. (Switzerland), Jan. 2, 9, 1932, V. 99, No. 1-2, p. 
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4-9, 16-7.— Entire building isr.c. Pillars on south side show a rough texture and are 
provided with a coating of Casanin. Ceilings are 4.7 in. thick without supporting 
beams.—A. E. B 

Buildings for the League of Nations in ea Switzerland. Schweiz. 
Bautzg. (Switzerland), Dec. 5, 1931, V. 98, No. p. 290-7.—After discussing 
development of plans for this group of buildings Re criticizing their architectural 
arrangement and design, author reports on eae condition of several partly 
finished r. c. buildings (main building and library).—A. E. B. 


New terrace structure of the German arti in Davos-Wolfgang, 
Switzerland. Porscue.. Bauamt (Germany), 1932, No. 3, 3 p.—A 3-story build- 
ing with open-air rest rooms of ingenious design was erec ted at side of large sana- 
torium. Structures have no rigid connection. Reasons for design are discussed and 
construction of cantilevered members illustrated.—A. E. B 

The new skyscrapers at the Alexander Square in Berlin, Germany. Prrer 
BEHRENS. Bauingenieur (Germany), Jan. 1, 1932, V. 13, No. 1-2, p. 10-2.-Two 
modern skyscraper office structures, Berolina Building and Alexander Building, 
were erected in Berlin as r. c. skeleton structures. Ingenious architectural design 
provides every room with light and air.—A. E. B 

Hall construction. L. Hitsersnemer. J. M. Gebhardts Verlag, Leipsic, 
Germany, 1931. Reviewed in Beton u. Eisen (Germany), Feb. 5, 1932.—Part of 
series: Handbook of Architecture. Covers early and modern methods i in enclosing 
large areas without use of intermediate supports in wooden, steel and concrete struc- 
tures. Phases of this type ¢ building considered are purpose, layout, acoustics, 
heating, lighting, ete.—A. A. 


Small Garages. Large 3c Hans Conrapi. J. M. Gebhardts Verlag, 
Leipsic, Germany, 1931. Reviewed in Beton u. Eisen (Germany), Feb. 20, 1932. 
Both volumes belong to the series: Handbook of Architecture. First deals with 
small private garages while second considers two types of large garages in congested 
areas serving mainly for short period parking, and garage furnishing permanent 
overnight shelter and regular maintenance. Phases touched ine lude economic study 
of materi: ‘' ramps and elevators, heating and ventilation, repair departments, etc. 


‘A. A. 


Cast stone as a means to color in architecture. Frep R. Lear. J. Am. 
Cone. Inst., May, 1932, V. 3, No. 9, Proc. V. 28, p. 589-92.—-Beauty of natural color 
effects can be kept as stage of “imitation” in cast stone passes to one of “intrinsic 
value.” Benefits derived from color control are outlined; advantages of flexibility of 
color where cast stone is used in connection with brick work and other materials; 
also basis of color harmony and treatment of lighting for color effects. Development 
of “colored masses”’ is predic ted as means to new beauty in architectural design and 
cast stone can contribute to this advancement.—D. F 


FIELD CONSTRUCTION 
BRIDGES 


Perley Interprovincial highway bridge. Canadian Eng., Feb. 9, 1932, V. 62, 
No. 6, p. 7.—Perley bridge across the Ottawa R., 2,300 ft. long consists of deck type 
Warren girders supported on 9 concrete piers, 48 concrete pedestals and two concrete 
abutments. Concrete proportions were 1:1.7:3.4 designed to furnish a strength of 
3000 p.s.i. at 28 days. yt! — 24 ft. wide consists of a 71%-in. r. c. slab 
supported on I-beams, 3 ft. 6 in. o. e-—G. M 


The construction of the Rhine bridge between Koblenz and Waldshut, 
Germany. G. Luescuer. Schweiz. Bauztg. (Switzerland), Apr. 2, 1932, V. 99, 
No. 14, p. 180-1.—-Bridge has 3 openings, 120, 180, 120 ft. formed by 2 shore abut- 
ments and 2 river piers. Abutments were built in open excavations; piers constructed 
by r. ¢. compressed air caisson method. Roadway will be continuous r. ¢. slab. 


A. E. B. 


New railway bridge over the North Circular road. Engineer, (England), Feb. 
12, 1932, V. 153, No. 3970, p. 178.—Bridge serves to support existing and future rail 
tracks passing over highway. Concrete portion consists of segmental unreinforced 
concrete skew arch, 73 ft. 10 in. skew ) with 20 ft. rise, using rapid hardening 
cement in proportions 1:2:4. Method of loading arch centering is shown.—-G. M. W. 
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The new railroad bridge over Rhine between Ludwigshafen and Mann- 
heim, Germany. G. WEIDMANN. Bauwingenieur (Germany), Jan. 1, 15, 29, 1932, 
V. 13, No. 1-6, p. 2-10, 41-6, 68-73.—Steadily increasing traffic necessitated new 
railroad bridge and enlargement of street section of old structure. General details 
include: Construction plans, removal of old piers and abutments, safety precautions, 
reinforcing and placing of r. c. caissons, concrete pile foundations for abutments and 
piers and construction of superstructures.— A. E. B 


BUILDINGS 


Fireproofing steel-framed buildings with cinder concrete. J. ARTHUR GAR- 
rop. Concrete, April, 1932, V. 40, No. 4, p. 17-18—Reinforcement preferred in fire- 
proofing steel- framed floors with cinder concrete in New York City practice is 
electrically welded wire fabric. Common practice is to fill haunches of girders and 
beams and to place 1 in. cinder concrete upon slab forms; reinforcing fabric over tops 
of beams sags to within 14 in. of forms in center of slabs. Standard mix is 1:2:4. 
C. B. 

Eliminate all plaster in building for Marquette University. Concrete, April, 
1932, V. 40, No. 4, p. 15—Structural frame and floor construction are of r.c. Exterior 
panel walls consist of 4 in. of brick facing and 8 in. of hollow concrete back-up units. 
Interior partitions are 5 in. thick of hollow concrete units. About 35,000 sq. yd. of 
plaster work was eliminated; ;-in. plywood was used to secure finish.—C. B. 

The structural members of the skyscrapers at the Alexander Square. 
SALKIND. Bauingenieur (Germany), Jan. 1, 1932, V. 13, No. 1-2, p. 12-5.—-Two-story 
basement foundations for Berolina and Alexander buildings, were built in connection 
with construction of tunnels for railroad subway. R. c. floors are 7.8 in. thick and 
supports are 31.5 in. square. Calculations for r. c. frames are presented. Ceilings 
of buildings are Sperle system. Concrete was mixed in upper basement and trans- 
ported to distribution installations by Torkret concrete pump.— A. E. B. 

A new reinforced concrete building in Stuttgart, Germany. M. Fatss.er. 
Bauingenieur (Germany), Jan. 29, 1932, V. 13, No. 5-6, p. 79-83.—New r. c. slaugh- 
ter-house has square cross-section, area of 8,600 sq. ft. without interior columns and 
with horizontal ceiling 88.5 ft. square. Special consideration was given to proper 
protection of ceiling against steam and condensation. Details of building include 
walls, Pohlmann ceiling, ete.—A. E. B. 

Economy and smooth finish from wood-fibre board forms. Concrete, May, 
1932, V. 40, No. 5, p. 13-14.—Eighty thousand sq. ft. of wood-fibre board was ‘reused 
several times in Indianapolis Bell Telephone structure having 342,000 sq. ft. of 
surface on floor slab beams and girders and columns. Fibre board forms were detailed 
in advance of job to meet predetermined progress schedule. Panels made up on job 
site were handled from one floor to another by crane.—C. B. 


DAMS 


Much <0. work - earthfilldam. Howarp Lacy Watton. Concrete 
May, 1932, 40, No. 5, 10-11.—Santiago Creek earth-fill dam, Calif., is 130 ft. 
high and ae re. long. P Saaeiinainas was by volume, generally 1:2:4 mix. Gravel 
was segregated into 2 - Field mix varied average yield being cu. yd. concrete to 
1.5 bbl. cement.—C. I 


MiuscELLANEOUS 


Keeping watch on quality of cement. D. B. Rusu. Concrete, May, 1932, V. 
40, No. 5, p. 15-16.—Cement testing procedure, methods of sampling, sealing of 
bin, sampling from cars or trucks, chemical analysis, early physical tests, making 
and testing briquettes and specimens are covered.—C. B. 

Design and control of concrete mixes. H. M. THompson. Canadian Eng., 
Feb. 2, 1932, V. 62, No. 5, p. 11.—Job foreman should have assistance of properly 
qualified inspector in selection, inspection and use of concrete materials and treat- 
ment after mixing. Cement should be sampled and attention given to selection of 
clean, sound aggregates, uniformity of gradations, mix proport ions and workability. 
In case of re: ady-mixed concrete proper proport ioning minimizes segregation in trans- 
portation. Admixtures which produce air Dubbles in concrete, while they lubricate 


mix and tend to reduce quantity of mixing water may give undesirable results. 
G. M. W. 
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Reinforced concrete construction practice. Rauscu. Zeitschr. Vereins 
Deutsch. Ing. (Germany), 1932, No. 5, 4. p—Critical examination of important 
factors in making, treating and ‘placing concrete includes relation between concrete 
tensile strength and composition of aggregates. Special mention is made of light- 
weight concrete and concrete with high quality steel reinforcement. Various types 


of . work, concrete transportation and application of welding are discussed.— 
A. E. B 


Writing a purchase specification for ready-mixed concrete. R. B. Youna. 
Concrete, April, 1932, V. 40, No. 2, p. 29-31.—Admixtures, consistency of concrete 
when delivered, average slump of each class of concrete, weighing of cement, mea- 
suring mixing water, and minimum requirements for mixing time should be given 
consideration.—C. B. 


Ready mixed concrete, its technical and economic importance, its manu- 
facture and transportation. T. V. Rorne. Zement (Germany), Mar. 31, Apr. 7, 
14, 1932, V. 21, No. 13-15, p. 186-90, 205-7, 220-3.— Parallel developments of Ameri- 
can and German methods in ready-mixed concrete practice are discussed and pro- 
duction costs compared. Author discusses economic view points for erection of 
plants of various sizes.—A. E. B. 


The practice of concrete mixing. Luz Davin. Tonind. Zig. (Germany), Apr. 
11, 1932, V. 56, No. 30, p. 399-400.—Brief illustration of effect of mixing time upon 
= uality of concrete when aggregates are rich in fine fractions and natural moisture. 

ffect of speed of mixer, tandem mixers and mixing funnels are described.—A. E. B. 


Efficiency experiments with concrete mixers. GrorG GARBOTZ AND OTTO 
GraF. 1931, Verein Deutscher Ingenieure Verlag, Berlin, Germany, Reviewed in 
Betonstrasse (Germany), Jan. 1, 1932, V. 7, No. 1, p. 14. —Book illustrates experiments 
to determine efficiency ‘of concrete mixing equipment and gives directions for over- 
coming difficulties. Effect of mixing time, manner of adding water, accuracy of 
measuring equipment, size of mixing drum, ‘kind of mixing and number of rotations 
upon concrete strength were studied.—A. E. B 


Continuous mixers on the Regulus system. H. Craemer. Beton u. Eisen 
(Germany), Feb. 20, 1932, V. 31, Heft 4, p. 59-61.—The Regulus continuous mixer 
is made in 4 types with hourly production of 4 to 52 cu. yd. Power requirements for 
5 types are 1 to 12 h. p. Speed of conveying worms which feed materials to mixing 
chamber is adjusted to js ammsen of mix desired. A comparison of concrete mixed 
in same proportions and from same materials in this machine and in non-continuous 
mixer showed at 7 and 28 days a cube strength for former of 1850 p.s.i. and 3040 
p.s.i. and for latter 1900 p.s.i. and 3200 p.s.i—A. A. B. 


Compressed concrete piles on the Brechtel system. H. Wo tr. Beton u. 
Eisen (Germany), Jan. 20, 1932, V. 31, Heft 2, p. 30.—Patented process for casting 
in place concrete piles, in wet soils. Pipe equal in diam. to pile, is sunk and sealed 
at top by threaded fitting. Lower end is sealed by a special cap. As pipe is filled with 
concrete, it is slowly pulled up, lower cap being concreted in. Poesible harmful 
effect on pile point of being cast in water is averted.—A. A. B. 


Economy of centrifugally cast pipes. E. Pronstr. Beton u. Eisen (Germany), 
Jan. 20, 1932, V. 31, Heft 2, p. 31.—On basis of labor and material costs, a comparison 
between hand tamped and centrifugally cast concrete pipe shows cost for latter to 
be higher by 10 to 30%.—A. A. B. 


Tall reinforced concrete masts ry 100,000 volt power line. Baumarkt 
(Germany), 1931, No. 50, p. 1303-4.—A description is given of manufacture and 
erection of 75 ft. r. c. power masts with 3 cross members. Details and advantages of 
Porr system (Vienna, Austria) are pointed out.—A. E. B. 


The construction of Schluchsee power station, Germany. Zeitschr. Vereins 
Deutsch. Ing. (Germany), Nov. 21, 1931, V. 75, No. 47, 3 p.— Description of present 
state of construction of Germany’ 8 newest hydro power development, including 
dams, penstocks, high pressure conduits and power houses.—A. E. B 


The use of high alumina cement for mine structures. Csanapy. Gluckauf 
(Germany), 1932, No. 5, 3 p.—Application of high alumina cement found especially 
suitable for construction jobs in mines where danger of water leakage and damage 
exists, is demonstrated by experience on several construction and water-proofing 
jobs.— A. E. B. 
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The power station Kembs, Switzerland. Schweiz. Bauztg. (Switzerland), Feb. 
6, 1932, V. 99, No. 6, p. 79.—Brief description of progress of r. c. construction jobs 
at end of 1931 includes lockheads, formwork of power house concreted in 3 sections, 
intake structures of 6 turbines, lower head of largest ship lock.—A. E. B. 


Gunited pulp storage tanks. K. O. Gururie. Canadian Eng., Feb. 23, 1932, 
V. 62, No. 8, p. 19.—Steel storage tanks are subject to corrosion due to pulp adhering 
as stock is removed. Gunite has been used to line two 50-ft. diam. tanks 54 ft. high. 
Rust was removed by sand blasting after which horizontal hoops of \% in. round 
steel bars 18 o. c. were installed, offsets arc-welded to tank sheets. Wire mesh wired 
to hoops and gunite applied to average thickness of 2 in.—G. M. W. 


The new Central Railway station at Milan, Italy. Engineer (England), Jan. 
22, 1932, V. 153, No. 3967, p. 93.—Experiments with various roofing materials to 
determine their resistance to corrosion due to hot smoke and steam resulted in 
adoption of prepared thin sheets of reinforced cement, provided with projecting ribs. 

: W. 


ee 


Municipal swimming pool at Kitchener, Ont. E.G. Kori. Canadian Eng., 
April 5, 1932, V. 62, No. 14, p. 9.—Outdoor swimming pool 75 x 190 ft. of concrete is 
unlined. Depth varies from 3 ft. 6 in. to 9 ft. at deep end. Expansion joints are 
filled with bituminous filler. Cost of concrete work under $15,000.—G. M. W. 


Market for concrete tennis courts. Concrete, May, 1932, V. 40, No. 5, p. 23- 
24.—Co-operative efforts of concrete contractors and high school athletic depart- 
ments are suggested to promote school-owned concrete tennis courts. Outline gives 
min. standards, and construction details.—C. B. 


New reinforced concrete structures. Rauscu. Zeitschr. Vereins Deutsch. Ing. 
(Germany), Feb. 13, 1932, V. 76, No. 7, 6 p.—Several modern construction methods 
and new designs for r. c. structures illustrate concreting with sliding forms, chimney 
and cooling tower construction, ceiling designs for wide spans, marine foundations, 
ship elevators, locks, caissons and dams.—A. E. B. 


The new regulations of German Committee on Reinforced Concrete, 1932. 
Zement (Germany), Apr. 21, 1932, V. 21, No. 16, p. 237-8.—Regulations emphasize 
necessity of construction control, suitable gradation of aggregates and consider 
newest experiences and regulations in field of welding of reinforcement. Specifications 
for cross-reinforced r. c. slabs are revised. Ultimate limits for cross-sections of longi- 
tudinal reinforcement of columns were raised. New directions classify compressive 
strength of concrete into 3 groups. Concreting under water is included in regulations 
for plain concrete.—A. E. B. 


Technique of foundation construction and mechanical installations. G. 
HeTzett, aNp O. WunpRaM. 1929, Julius Springer, Berlin, Germany. Reviewed 
in Schweiz. Bauztg. (Switzerland), Mar. 12, 1932, V. 99, No. 11, p. 143.—First part 
describes various construction methods for modern structures under ground. Second 
part describes different mechanical equipment and machinery as well as directions 
for arrangement of site of construction.—A. E 


4s 


Self-unloading railway tank car transports bulk cement. Concrete, C. M. 
S., May, 1932, V. 40, No. 5, p. 60-61.—New “‘Dry-Flo” car looks like ordinary tank 
car but has 6 openings in top for loading. Two large compartments carry material 
and small one at center houses unloading machinery operated by motor connected to 
source of electric power. Capacity is 1,600 cu. ft.—C. B. 


Handbook for engines in construction practice. Grorg Garsorz. 1931, 
Julius Springer, Berlin, Germany, Part 1. Reviewed in Zement (Germany), Mar. 31, 
1932, V. 21, No. 13, p. 191.— Book deals with question of proper types of construction 
engines, their maintenance and costs and installations at site of construction—A. E. B. 


Development of installations for concreting with cable cranes. M. Brucx- 
MANN. Bauingenieur (Germany), Jan. 15, 1932, V. 13, No. 3-4, p. 37-41.—Detailed 
description of various forms and applications of concrete distributing installations, 
including concrete conveyors, distributing towers, elevators, platforms, bucket con- 
veyors, chutes and cable cranes used for construction of Hindenburg lock, Germany, 
and other similar structures.—A. E. B. 
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ROADS AND PAVEMENTS 


Laying ready-mixed concrete highway. Canadian Eng., April 26, 1932, V. 62, 
No. 17, p. 9.—Nine mile stretch of highway Atwood to Kennicott, Ont. was paved 
with concrete, transit-mix system. Slab was 20 ft. wide, 7 in. thick at center and 1 
in. at edges. Prepared aggregates were batched to mixers by weight. Batch quan- 
tities consisting of 26 bags cement and sufficient aggregate to make 4 cu. yd. of con- 
crete together with necessary water were added at plant and mixing continued during 
haul which averaged 414 miles.—G. M. W. 


Laying concrete pavement at Barrie. Epwarp Suuter. Canadian Enq., 
March 29, 1932, V. 62, No. 13, p. 11.—City of Barrie, Ont., has placed more than 
16,000 sq. yd. of concrete pavement, employing day labor and using a small 7 cu. ft. 
mixer. Concrete proportions were 1:144:3 with enough mixing water for plastic 
mix. Concrete placed on subgrade was struck off by template and finished with 6 in 
belt. Submerged steel center joint was used with °4-in. premolded joints. Concrete 
was cured by sprinkling for 10 days. Costs, $1.50 sq. yd. for pavement and 25¢ 
lin. ft. for eurb.—G. M. W. 

Reconstruction of the Cannstatt highway in Stuttgart,Germany. KeEL- 
LER. Strasse (Germany), 1932, No. 1-2, 5 p.—In construction of new pavement, half 
asphalt-concrete and half concrete pavement, (cf. Betonstrasse (Germany), Nov. 1, 
1931, V. 6, No. 11, p. 206-13; Journat A. C. I., Jan. 1932, V. 3, No. 5, Abstracts p. 
122), of special interest is placing and form of expansion joints, and curing of slabs. 
—A. E. 

Modern concrete roads in Poland. H. Branpt anp K. PFLETSCHINGER. 
Betonstrasse (Germany), Jan. 1, 1932, V. 7, No. 1, p. 6-10.—In study of geologic 
character of Poland for suitable aggregates for concrete road construction, author 
describes details and designs of 3 experimental concrete highways. Data include: 
type of pavement, dimensions, concrete composition, placing, formwork, expansion 
and working joints, concrete protection and after treatment.—A. E. B. 

How single-lane concrete roads fit into highway system. E. M. FLemina. 
Concrete, April, 1932, V. 40, No. 2, p. 23-24.— During 1931, 240 miles of single-track 
concrete pavements was built in 39 counties in 11 states. About 51 miles of single- 
track concrete built previously was widened to double width. Representative average 
cost per mile complete was $9,766, for a 9-ft. slab, and 5-ft. traffice-bound macadam 
shoulder on one side.—C. B. 

Cement factors in highway concrete have wide range of values. Concrete, 
April, 1932, V. 40, No. 4, p. 9-11.—While 30 state highway departments specify min. 
cement contents from 1.50 to 1.75 bbl. per cu. yd. concrete, others are experimenting 
with values considerably lower. Four maintain minimum of 1.40 or more; 4 are 
definitely committed to less than 1.40 bbl.—C. B. 


Application of mechanical equipment for construction of concrete roads. 
GEORG Garpotz. Bauingenieur (Germany), Jan. 1, 15, 1932, V. 13, No. 1-4, p. 

25-8, 52-6.—Problem of economy in using mechanical equipme nt for placing and 
finishing concrete roads is critically discussed by describing numerous modern Ameri- 
can and German road installations. Every phase of construction program is analyzed 
and investigated. A. E. B 


Mixing and agitating concrete for roads. Canadian Eng., Feb. 2, 1932, V. 62, 
No. 5, p. 9.—Several novel practices were employed in the construction of 80,000 
sq. yd. Vancouver concrete pavements. To central mixing plant equipped with a 
4-yd. mixer, at convenient location, aggregates were sent in batch quantities, checked 
by frequent sieve analyses and mixed in a 1:2:4 proportion, requiring 7.2 bags 
cement per cu. yd. concrete. Strength averaged about 3000 p.s.i. at 7 days. After 
standard mixing in central plant concrete was hauled in round drum trucks and mixed 
for 4% min. before dumping. Pavement was 24 ft. wide with 6-in. integral curbs 
with dummy joint \% in. by 2 in. at center; expansion joints 4 in. wide 30 ft. apart 
transversely with dummy joints midway between.—G. M. W 


Highway engineers favor two sizes of coarse aggregate. Concrete, May, 1932, 
V. 40, No. 5, p. 11-12.—Seventeen states now specify use of 2 or more sizes of coarse 
aggregate in concrete highway work; 2 specify 3 sizes under certain conditions; 2 
specify 2 sizes of coarse aggregate in special cases; 2 permit but not specify use of 
2 sizes.—C. B 
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Construction of sidewalks in the extension of the U. S. Capitol grounds. 
H. D. Rovuzrer. J. Am. Cone. Inst., May 1932, V. 3, No. 9, Proc. V. 28, p. 627-31. 
Concrete sidewalks with exposed aggregate were constructed in U. 8. Capitol grounds 
of 2 classes, one having topping of gravel and other of granite chips. To green 1:2:4 
cement-sand-gravel r. c. base, topping of 1:114:3 cement, sand, gravel or granite 
chips was applied. Surfaces were troweled, brushed with wire brushes, sprinkled 
lightly with water and swept clean with fibre brushes. Waterproof paper covers 
were applied for protecting and curing. Acid wash and filling expansion joints 
completed operations.—D. F. J. 

Experimental work on roads. Engineer (England), Jan. 22, 1932, V. 153, No 


3967, p. 102.—Technical Advisory Committee on Experimental Work has submitted 
its first report, including studies up to December 1, 1930. Referring to Harmonds- 
worth experimental concrete road, about 600 yd. long, the following conclusions 
have been drawn: (a) Slabs showing least length of transverse cracks had top and 
bottom reinforcement; (b) Unreinforced slabs with least length of transverse cracks 
were 8 in. deep. ‘Wet’ concrete laid on wet clinker. (¢) Experiments on treatment 
of foundation and on w/c ratio had been inconclusive. (d) 45-ft. slabs showed twice 
as many cracks as 30 ft. slabs of similar construction. (e) Treatment with silicate 
of soda showed no beneficial result; (f) Abrasion of road surface was negligible 
Information was collected on all concrete roads now constructed in England and 
replies summarized.—G. M. W. 


SEWERS 

Gunite lining for Montreal tunnel sewer. K. O. Gururiz. Canadian Eng., 
Dec. 29, 1931, V. 61, No. 26, p. 5.—In Montreal gunite was used for lining and inter- 
ceptor sewer built as tunnel through rock. Lined section is centered, with semi- 
circular arch 12 ft. in diameter and 12 ft. inside height. Invert and side walls are 
of 4-in. Seoria blocks. Gunite for side walls was shot downward behind sectional 
wooden forms. In same manner arch too was shot horizontally into light steel semi- 
circular forms 2 ft. long. Strength actually obtained varied from 4000 p.s.i. at 7 days 
to 6700 p.s.i. at 28 days.—G. M. W 


SHop MANUFACTURE 


California manufacturer uses pumice as aggregate. W. A. Scorr. Concrete 
Products, Feb., 1932, V. 41, No. 2, p. 3-4.—Production and use of pumice and Pumi- 
tile in concrete masonry units is described.—H. O. H. 

Heavy weight selling of light weight units. CHARLES Wma. Akers. (Con- 
crete Products, April, 1932, V. 41, No. 4, p. 7-8.—Article describes advantages of 
light weight masonry units and offers sales presentation.—H. O. H. 

Syracuse Cinder Products Co. grows with industry. Concrete Products, Apr., 
1932, V. 41, No. 4, p. 20.—Article discusses operation of Syracuse Cinder Products 
Co., Svracuse, N. Y.—H. O. H. 

Cinder unit industry makes plans to strengthen future. Concrete Products, 
March, 1932, V. 41, No. 3, p. 16-17.— Report of Annual Convention of Straub Cinder 
Units Association discusses proposed plans for industry—H. O. H. 

Retrenchment of today for reconstruction of tomoroow. H. C. SuHIe.ps. 
Concrete Products, Feb., 1932, V. 41, No. 2, p. 10-11.—General review of economic 
conditions and existing opportunities in products industry urges cooperative effort 
through association promotion. H. O. H. 

Ten mysteries of concrete products. Concrete Products, April, 1932, V. 41 
No. 4, p. 12-13.—-Ten problems of concrete products industry are outlined, inviting 
comment.——H. O. H. 

Nashville Breeko Block and Tile Co. overcomes competition by outselling 
it. D. R. Couuis. Concrete Products, April, 1932, V. 41, No. 4, p. 3-6.—Nashville 
Breeko Block and Tile Co. development includes 2 products, Breeko partition tile 
and Breeko floor filler unit. Plant and production methods are described.—H. O. H 

Turning up business in 1932, home modernizing. Concrete Products, Mar., 
1932, V. 41, No. 3, p. 14-15.— Various markets available in home modernization work 
for concrete products are suggested and available information on the subject reviewed. 


H. O. H. 
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Concrete burial vault specification. W. P.M. Atuan. J. Am. Conc. Inst., 
May, 1932, V. 3, No. 9, Proc. V. 28, p. 633-6.— Tentative specification for concrete 
burial vaults recommended by committee 709 outlines the general scope and includes 
materials, design, workmanship and finish, markings, physical tests, sealing and 
inspection.—D. F. J. 

Putting across a new idea. Berry E. Brevik. Concrete Products, Mar., 1932, 
V. 41, No. 3, p. 11-13.—Discussion of promotion of new products particularly 
for building construction, points out advantage of use of local products.—H. O. H. 

Concrete Masonry Association studies past achievements for application 
to future growth. Concrete Products, March, 1932, V. 41, No. 3, p. 5-10.—Report 
of annual convention of Concrete Masonry Association reviews technical knowledge 
developed through 1931 and presents information useful in selling concrete masonry 
construction, also proposed standard specifications for unit sizes.—H. O. H. 

Concrete Pipe Association celebrates silver jubilee. Concrete Products, Feb., 
1932, V. 41, No. 2, p. 16-17.—Report of annual convention of American Concrete 
Pipe Association brings out importance of manufacturers knowing technical data 
relative to their product, discussing concrete culvert pipe and its application and 
concrete irrigation pipe.—H. O. H. 

Manufacturing and selling burial vaults. Concrete Prodcuts, Feb., 1932, V. 
41, No. 2, p. 12-13.—Ashland Vault, Inc., its plant and promotional methods for 
selling concrete burial vaults are described.—H. O. H. 

What’s ahead for the cast stone industry. M.A. ArNoLp AND C. G. WALKER. 
Concrete Products, Feb., 1932, V. 41, No. 2, p. 8-9.—Importance of basing quotations 
on actual cost and not competing situations is emphasized. Value of Cast Stone 
Institute to the industry is great. Color has possibilities for cast stone manufacturers 
and opportunity is afforded for individuality in cast stone.—H. 0. H. 


Shall I diversify my production? C. C. Mitinouse. Concrete Products, Jan. 
1932, V. 41, No. 1, p. 19.—Various considerations affecting economies of diversifica- 
tion in concrete products plants are discussed.—H. O. H. 


Quality product and modern equipment are tools of successful manufac- 
turer. D. R. Couns. Concrete Products, Jan., 1932, V. 41, No. 1, p. 12-15. 
Amabile Brothers, Orange, N. J. and their concrete block plant, Orange Cement 
Block Works, are described. Manufacturing and sales methods are discussed, 
including direct mail campaign.—H. O. H. 


Cunard-Lang alterations show faith in concrete products. Concrete, May, 
1932, V. 40, No. 5, p. 17-18.—Open squares with walls 20 ft. high built of 12-in 
block support 2 ielekonved concrete slabs on which rest stave bins 12 ft. in diam., 
25 ft. high. Materials may be put into either bin and elevator started or stopped 
from either main or mixer floor by dual controls. Measurement of aggregates is by 
weight.—C. B. 

Something new under the sun. Exuis CLARKE Soper. Rock Products, Mar. 
12, 1932, V. 35, No. 5, p. 86-87.—Concrete pipe made in Czecho-Slovakia is used with 
pressures up to 300 Ib. and can withstand 900 lb. Reinforced pipe is made over metal 
core and steam cured . After aging one day it is wound with hot wire under tension; 
then it is placed in mould and covered with concrete and steam cured. Both mould- 
ings of concrete are made under pressure.—E. 8. 
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